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EDITORIAL NOTICE 


ACTA RADIOLOGICA publishes original papers 
relating to medical radiology and nuclear medicine. 
The articles are printed in English, French or Ger- 
man according to the wishes of the author. Contri- 
butions from all countries are accepted but priority 
is given to those from Scandinavian sources. Papers 
are published on the clear understanding that they 
are contributed exclusively to Acta Radiologica. They 
are subject to editorial revision and the right is re- 
served to introduce such changes as may be neces- 
sary to make the contributions conform to the edi- 
torial standards but Acta Radiologica does not hold 
itself responsible for any statements made or opi- 
nions expressed by authors. Contributions should be 
as concise as possible. Papers of more than 24 pages, 
including space for figures and tables, cannot be 
accepted for publication without special permission 
from the Editor. More extensive articles may be pub- 
lished as supplements at the author’s own expense. 
These are not subject to editorial revision. Contribu- 
tions from Denmark, Finland and Norway should 
be forwarded to the Sub-Editors of the respective 
countries, others direct to the Editorial Secretary, 
Acta Radiologica, Stockholm 2, Sweden. 

Contributions must be typewritten with double 
spacing (at least 1 cm between each line) and ade- 
quate margins; a short summary should be included 
with each. All typescripts should bear the name and 
full address of the contributor. A copy should always 
be retained by the author so that it may be available 
in the event of the origin being lost in transit. Altera- 
tions to print are costly and, with the exception of 
small corrections, will be charged to the author. Foot- 
notes should be avoided as far as possible, since they 
break the reading of the text and are expensive. 


Annual subscription rate 70 Sw. | 


Illustrations and tabular material should be un- 
mounted and attached to the typescript in an in- 
dividual cover. Numbering should be indicated in 
pencil lightly on the back and never appear on the 
front. The illustrations musi be provided with suitable 
short legends and so worded that they are comprehen- 
sible without reference to the text. These legends 
should be typewritten on a separate sheet and not 
under the respective figures. Care should be taken that 
the illustrations only show the necessary details and 
essential features. Drawings and charts for reproduc- 
tion should be in black (never in blue). The Editor 
reserves the right to reduce the size of illustrations 
as considered appropriate. 

A bibliography must be added and the references 
should be arranged in alphabetical order of the 
author’s name followed by his initials, full title of 
the paper and name of the journal — abbreviated 
according to Fishbein: Medical Writing or the 
Quarterly Cumulative Index Medicus. The volume 
number, year and number of first page of article 
should follow. Reference to books and monographs 
should indicate the author, the title, the edition, the 
name and city of the publisher, and the year of 
publication. 


Example: 

TILLINGER, K. G.: Papillary 
Acta radiol. 28 (1947), 241. 
CaFFEY, J.: Pediatric X-Ray Diagnosis. Second Edi- 
tion. The Year Book Publishers, Chicago 1950. 

Fifty reprints will be presented to the author or 
divided among joint-authors. Additional reprints may 
be purchased at cost price but the necessary order 
must be given when the proof is returned. 
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pear annually. Single copies 7 Sw. Kr. (plus postage Sw. Kr. 0:50). The 


subscription will be considered automatically renewed if not cancelled at 


the latest 10 days before the publication of a new volume. 


All communications in regard to advertising, subscriplions, change of 
address, etc., should be sent to Acta Radiologica, Stockholm 2, Sweden. 
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of the author. 


Annual subscription rate Sw. Kr. 70: plus Sw. Kr. 6: postage outside Scan- 
dinavia, payable in advance. (Two volumes, each of 6 numbers, appear annually.) 
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All communications in regard to advertising, subscriptions, change of address, etc., 
should be sent to Acta Radiologica, Stockholm 2, Sweden. 

ACTA RADIOLOGICA publiziert Arbeiten auf dem Gebiete der medizinischen 
Radiologie und Kernphysik in der Medizin. Die Beitriige werden, je nach eigener Wahl 
des Verfassers, in deutscher, englischer oder franzésischer Sprache veréffentlicht. 


Abonnementspreis pro Jahr: Schw. Kr. 70: —, zuziigl. Postgebiihren, Schw. Kr. 
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erscheinen jihrlich.) Einzelne Hefte Schw. Kr. 7: —, zuziigl. Postgebiihren Schw. Kr. 
0: 50. Die Zeitschrift wird den Beziehern bis zu Abbestellung geliefert; diese muss spii- 
testens 10 Tage vor Beginn eines neuen Bandes bei der Redaktion eingehen. 

Korrespondenz betreffs Anzeigen, Abonnements, Adressveriinderungen ete. soll an 
Acta Radiologica, Stockholm 2, Schweden, adressiert werden. 


ACTA RADIOLOGICA publie des ouvrages dans le domaine de la radiologie médi- 
cale et la médecine nucléaire. Les articles sont publiés en frangais, en anglais ou en alle- 
mand, au choix de l’auteur. 

Prix de l’abonnement par an Kr. suéd. 70: —, port Kr. suéd. 6: — en sus en dehors 
de la Seandinavie, payable d’avance. (Deux volumes, chacun de 6 fascicules, sont publiés 
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ments d’adresse & Acta Radiologica, Stockholm 2, Suéde. 


Supplements to Acta Radiologica 


The supplements are published from time to time and are not included in the 
subscription rate. Prices and year of publication of numbers already issued are de- 
tailed below. 


I. Ake Akerlund: Réntgenologische Studien tiber den Bulbus Duodeni. 1921. (Out of print.) 

II. Gésta Forssell: On the Permanency of Radiological Healing in Malignant Tumours. 
1928. Price bound Sw. Kr. 10: —; unbound Sw. Kr. 8: —. 

III. An account of the Second International Congress of Radiology, Stockholm, 1928. 
Price Sw. Kr. 15: —. 

IV. Teaching and Training in Medical Radiology. Papers delivered at the Second Inter- 
national Congress of Radiology. 1930. Price Sw. Kr. 20: —. 

V. Catalogue des Portraits des Membres du Deuxiéme Congrés International de Radiologie 
ad Stockholm. 23—27 Juillet 1928. 2*™e Edition, complétée. Price Sw. Kr. 5: —. 

VI. Gunnlaugur Claessen: The Roentgen Diagnosis of Echinococcus Tumors. 1928. Price 
Sw. Kr. 15: —. (Out of print.) 
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VII. Martin Odin & Gésta Runstrém: Jodized Oils as an Aid to the Diagnosis of Lesions 
of the Spinal Cord and a Contribution to the Knowledge of Adhesive Circumscribed 
Meningitis. 1928. Price Sw. Kr. 15: 

VIII. Carl Krebs: The Effect of Roentgen Irradiation on the Interrelation between Malignant 
Tumors and their Hosts. 1929. Price Sw. Kr. 8: —. 

IX. Jens Juul: Experimental Studies on Roentgen Treatment of Malignant Tumors. 
1929. Price Sw. Kr. 8: —. 

X. Carl Krebs, H. C. Rask-Nielsen & Aage Wagner: The Origin of Lymphosarcomatosis 
and its Relation to other Forms of Leucosis in White Mice. 1930. Price Sw. Kr. 8: — 

XI. Elis Berven: Malignant Tumors of the Tonsil. 1931. Price Sw. Kr. 22: — 

XII. Erik Lysholm: Apparatus and Technique for Roentgen Examination of the Skull 
1931. Price Sw. Kr. 25: —. 

XIII. 8. Bakke: Ri ntgenologische Beobachtungen iiber die Bewegungen der Wirbelséule. 
1931. Price Sw. Kr. 10: —. 

XIV. R. Sievert: Zine Methode zur Messung von Réntgen-, Radivm- und Ultrastrahlung 
nebst einigen Untersuchungen tiber die Anwendbarkeit derselben in der Physik und der 
Medizin. 1932. Price Sw. Kr. 20: — 

XV. R. Thoreus: A Study of the Ionization Method for Measuring the Intensity and 
Absorption of Roentgen Rays and of the Efficiency of Different Filters Used in Therapy 
1932. Price Sw. Kr. 10: —. 

XVI. T. Dale: Der Wert der Réntgenuntersuchung in der Lungendiagnostik. 1932. Price 
Sw. Kr. 10: —. 

XVII. G. Runstrém: A Roentgenological Study of Acute and Chronic Otitis Media. 1933. 
Price Sw. Kr. 20: - 

XVIII. R. Schatzki: Relie/studien an der normalen und krankhajt verdnderten Speiseréhre. 
1933. Price Sw. Kr. 20: —, bound 23: —. 

XIX. R. Bull Engelstad: Uber die Wirkungen der Réntgenstrahlen auf die Lungen. 1934 
Price Sw. Kr. 10: — 

XX. I. Hermodsson: Réntgenologische Studien iiber die traumatischen und habituellen 
Schultergelenkverrenkungen nach vorn und nach unten. 1934. (Out of print.) 

XXI. B. Faber: Réntgenbiologische Untersuchungen mit Gewebekulturen als Indikator. 
1935. Price Sw. Kr. 8: —. 

XXII. W. Magnusson: Skin Cancer. 1935. Price Sw. Kr. 20: —. 

XXIII. H. Ahlbom: Mucous- and Salivary-gland Tumours. 1935. Price Sw. Kr. 20: 

XXIV. E. Lysholm: Das Ventrikulogramm. I. Teil. 1937. Price Sw. Kr. 10: — 

XXV. E. Ly sholm: Das Ventrikulogramm. II. Teil. 1937. Price Sw. Kr. 15: —. 

XXVI. E. Lysholm: Das Ventrikulogramm. III. Teil. 1935. Price Sw. Kr. 12: —. 
(XV 
19 


II. H. Hellmer: Réntgenologische Beobachtungen iiber die Ossijikation der Patella. 

35. Price Sw. Kr. 10: —. 

XXV IIL. F. Knutsson: Urethrography. 1935. Price Sw. Kr. 12: —. 

XXIX. O. Kaalund-Jorgensen: Experimental Studies on a Transmissible Myelomatosis 
(Reticulosis) in Mice. 1936. Price Sw. Kr. 12: —. 

XXX. K. Lindblom: A Roentgenographic Study of the Vascular Channels of the Skull. 
1936. Price Sw. Kr. 10: — 

XXXI. 8. Grettve: Morphologische und tiererperimentelle Studien tiber das Schleim- 
hautrelie} des Magen-Darmkanals. 1936. Price Sw. Kr. 10: —. 

XXXII. H. Wulff: Die Zuverldssigkeit der Réntgendiagnostik — besonders hinsichtlich 
des Wertes der Urographie — und die Prognose bei Nieren- und Harnleitersteinen. 1936. 
Price Sw. Kr. 15: —. 

XXXIII. J. Frimann-Dahl und G. Waaler: Réntgenologische und pathologisch-anato- 

mische Studien tiber den tuberkulésen Primarkomplex. 1936. Price Sw. Kr. 9: —. 
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COMBINED VENTRICULAR SEPTAL DEFECT 
AND AORTIC INSUFFICIENCY 
by 
Jan Phillipson and Georg-Fredrik Saltzman 


Catheterization and examination of the heart and great vessels with 
contrast media have greatly increased our possibilities of making a 
correct diagnosis in living subjects even in the case of complicated 
congenital malformations. Using a few cases as a basis for discussion, 
the diagnostic possibilities in combined ventricular septal defect and 
aortic insufficiency are treated in this paper. The question of the dif- 
ferential diagnosis from patent ductus arteriosus, which previously has 
always caused great difficulties, is given special attention. 

The combination of a ventricular septal defect and insufficiency of 
the aortic orifice has been mentioned in several case reports (LAUBRY, 
RouTieR and Taussic and SEMANS, Hurst and ScHEMM, SOULIE, 
RovutreR and BERNAL, Epwarps et coll., Woop, Macipson and 
son), and has been discussed by SELZER and Laqueur. A case published 
by ABBorT, in which a ruptured aneurysm of the aortic sinus was com- 
bined with insufficiency of the aortic orifice, may, haemodynamically 
speaking, be regarded as belonging to the same category. 

The anatomic relationships were clearly demonstrated at autopsy in 
six out of the seven previously described cases. All had a defect in the 
pars membranacea of the ventricular septum immediately below the 
semilunar valves. In every case, at least one of the semilunar valves 
was deformed to such a degree that the aortic orifice could not be 
properly closed. The nature of the valvular malformation, whether 
congenital or acquired, was difficult to decide. In one or two instances, 
it seemed likely that the defective valve had been exposed to inflam- 
matory processes. All patients had three semilunar valves. 

Submitted for publication, 5 April 1955. 

From the Heart Clinic (Director: Prof. G. Nyiry) and Roentgen Department | 
(Director: Docent G. Jénsson), Sédersjukhuset, Stockholm, Sweden. 

18—553088. Acta Radiologica. Vol. 44 


| 

| 


270 JAN PHILIPSON AND GEORG-FREDRIK SALTZMAN 


Fig. 1. Case 1. Considerable general cardiac enlargement. Slight dilatation of the pulmo- 
nary artery and its branches. The aorta is of normal calibre. Fluoroscopy revealed 
large pulsations of all parts of the heart and great vessels. 


In all the reported cases, the heart was greatly enlarged. The pulmo- 
nary artery was moderately dilated while the aorta, in some of the cases 
at least, was rather narrow. It was notable that in the majority of the 
cases it was difficult to distinguish the condition from patent ductus 
arteriosus. 

These cases do not give us a clear conception of the diagnostic possi- 
bilities in the living. We therefore feel justified in presenting a report 
on four cases with a defect in the ventricular septum as well as aortic 
insufficiency. In addition, a description will be given of two, from the 
haemodynamic aspect, similar cases (Cases 5 and 6) in which the ex- 
aminations were not sufficiently extensive to clear up all the details. 
Some of the data on this material have previously been published by 
KARNELL and SALTZMAN. 

Only in one of our cases (Case 4) was it possible to examine the heart 
at autopsy (WAHLGREN). The finding may be studied in the following 
extract from the autopsy report: 
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‘The heart in general was enormously en- 
larged. The left ventricle was greatly dilated 
and the right ventricle also showed moderate dila- 
tation. Both ventricles were markedly hyper- 
trophied. In the septum membranaceum, imme- 
diately below the right aortic valve, there was a 
defect 24 mm in diameter. The aortic orifice was 
dilated. All the valves, especially the right, were 
greatly stretched. The margin of the right valve 
was unusually thickened and lipped, and in the 
middle of this valve there was a verrucose, par- 
tially calcified, deposit. The margins of the other 
valves were also thicker than normal. There were 
several small atheromatous plaques in the inferior 
portion of the ascending aorta.’ 


The anatomic changes in this case 
were elmost identically similar to the 
changes in the case described by Ep- 
WARDS et coll. ; , graphy. Injection of contrast me- 

In the other cases, the diagnosis wes dium ‘into the middle segment of 
confirmed by means of blood oxygen de- the ascending aorta produced visu- 
terminations and blood pressure measure- lization of both the left and right 
ments carried out in conjunction with Ve"triclesand the pulmonary artery. 
heart catheterization, as well as by tho- 
racic aortography or selective angiocardiography (JONsson). In three 
cases, the shunt was located by palpation in connexion with thoracotomy. 
These operations were performed because the presence of a patent ductus 
arteriosus was suspected. All these diagnostic errors occurred at the 
beginning of our investigations and before our departments had worked 
out a fully satisfactory examination technique and gained sufficient 
diagnostic experience. 


Fig. 2. Case 1. Thoracic aorto- 


Clinical data 


In all our cases, a congenital heart defect was established in early 
infancy, although no differentiated diagnosis was made at that time. 
All the patients grew up symptom-free and did not differ to any great 
extent from their healthy comrades. 

In three cases (Cases 1, 2 and 6), no serious infective diseases were 
mentioned in the histories. One patient (Case 5) had had an infection 
with a high temperature at the age of two years. Another patient (Case 3) 
had had angina tonsillaris 10 years before our investigation. In the same 
case, chronic polyarthritis had appeared one year before the investiga- 
tion. A third patient (Case 4), 5 months before our examinations were 
carried out, fell ill with a protracted infection with high fever for 
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which he had received penicillin and after which he had never felt 
really well. 
The chief clinical data have been assembled in Table 1. 


Table 1 


Clinical data 


Blood Pulse 


Phonocardio- 
Case Sex Age Murmur pres- pres- Electrocardiogram 


gram 
sure sure 
1 3 20 Systodiastolic 160/50 110 | Left ventricular strain Thoracotomy 
Max. I,—I, 
2 ; »1 Systodiastolic 11050 60 Slight right ventricular Systodiastolic 
Max. I, strain with partial bundle- murmur 
branch block 
3 $ 24) Systodiastolic (1800 180 Prolonged A—V conduc- Systodiastolic 
Max. I, tion time murmur 
Transient auricular fibrilla- 
tion 
} $ 26, Systodiastolie 16050 110 Left ventricular strain Autopsy 
Max. |, 
5 ; 15 Systodiastolic 15070 80 Left ventricular strain Systodiastolic |Thoracotomy 
Max. I, murmur 
6 25 Systodiastolie 15050 100 Transient auricular fibrilla- Systodiastolic |Thoracotomy 
Max. I,—I, tion murmur 


No other pathologic changes 


Summing up, it may be noted that all the patients were men. All 
of them were acyanotic. In every instance, a systodiastolic murmur with 
maximum loudness over the third or fourth intercostal space to the left 
of the sternum was heard. All the cases had a strong, palpable thrill. 
The pulse pressure was raised, in some cases very considerably. 


Catheterization of the heart 


All six patients were catheterized by means of a catheter introduced 
through a cubital vein. The oxygen saturation and blood pressure de- 
terminations carried out in connexion with this examination yielded 
the values shown in Table 2. 

It will be seen that a left-to-right shunt was established in every 
case. In Cases 1 to 5, there was arterial mingling with the blood in the 
right ventricle. In Case 6, a sample was lost, and the position of the shunt 
therefore not exactly established. On thoracotomy, however, the com- 
munication in this case was localized to the immediate vicinity of the 
semilunar valves. 

In no case did we succeed in passing the catheter through the septal 
defect. 
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Table 2 
Catheterization of the heart 


Oxygen saturation (vol. % QO.) Blood pressure 
uperior Right Right Right Right Pulmonary 
auricle ventricle : auricle ventricle artery 
cava artery 


1 13.3 16.3 15.2 28 em H,O 
2 12.2 11.8 15.6 16.3 2mm Hg 40/4 mm Hg 40/12 mm Hg 
3 14.9 17.3 17.2 8 em H,O 18 em H,O 37 em H,O 
4 11.8 15.9 16.4 25 em H,O 87 cm H,O 94 em H,O 
5 9.3 13.7 14.1 

6 10.3 10.4 12.8 14 em H,O 34 cm H,O 25 em H,O 


Roentgenologie findings 


Conventional roentgenography revealed that the heart was greatly 
enlarged in every case (700 to 1,780 ce per square meter of body surface). 
The enlargement was general. In a few cases, the enlargement of the 
left ventricle was particularly pronounced. The pulmonary artery with 


Fig. 3. Case 2. Considerable general cardiac enlargement. Moderate widening of the 
pulmonary artery and its branches. Aorta of normal calibre. Fluoroscopy revealed large 


pulsations of the heart and great vessels. 
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Fig. 4. Case 2. Selective angiocardio- 
graphy. a) Injection of contrast medium 
through a catheter into the right ven- 
tricle. b) The contrast medium has 
reached the left side of the heart by way 
of the pulmonary circulation. c) Refilling 
of the right ventricle and the pulmonary 
artery through a ventricular septal defect. 

Before the injection, the point of the 
catheter lay in the pulmonary artery im- 
mediately above the valves. During the 
injection, the point of the catheter re- 
coiled down into the right ventricle, re- 
suming its original position after the in- 
jection. 


its branches was moderately dilated. The aorta was of normal calibre 
in 5 cases, and in one case was slightly dilated. In all cases, fluoroscopy 
revealed very large heart pulsations which appeared to be of the same 
nature as those seen in aortic insufficiency. Large pulsations were also 
noted in the great vessels. 
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In two cases (Cases 1] 
and 3), thoracic aorto- 
graphy with injection of 
contrast medium into the 
middle part of the ascend- 
ing 2orta was carried out. 
In both, we achieved good 
density of the left ventri- 
cle and fair density of the 
right ventricle and pulmo- 
nary artery (Fig. 2). Aortic 
insufficiency and a_ left- 
to-right shunt to the right 
ventricle was thus present. 
In a third case (Case 6), 
thoracic aortography was 
attempted but the density 
achieved was so slight that 
the circulatory conditions 
could not be satisfactorily 
studied. However, the left- 
to-right shunt was verified jg, 


5. Case 3. A high degree of general cardiac en- 
through the fact that con- largement. Moderate widening of the pulmonary artery 
trast medium could be and its branches. Slight widening of the aorta. Large 
seen in the pulmonary ar- pulsations of the heart and the great vessels. 


tery. 

In one case (Case 2), angiocardiography with injection of the contrast 
medium into the right ventricle was undertaken (Fig. 4 a). After the 
medium had passed through the pulmonary circulation and the left side 
of the heart, refilling of the right ventricle was obtained (Fig. 4 c). In 
this patient, both the clinical findings and the electrokymographic results 
were characteristic of aortic insufficiency. 

In the remaining two cases, neither the heart nor the great vessels 
were examined with contrast medium. In Case 4, thoracic aortography 
was to have been carried out, but after the patient had been anaesthe- 
tized (pentothal) he suddenly died before the aortography could be 
undertaken. 

Discussion 

The diagnosis was confirmed in 4 cases (Cases 1 to 4). In these pa- 
tients, a congenital ventricular septal defect was combined with in- 
competence of the aortic valves. The etiology of the insufficiency could 
be demonstrated only in the case which was submitted to autopsy. 
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Fig. 6. Case 4. Enormous cardiac enlargement. The dilatation of the left ventricle is 

especially striking. Moderate widening of the pulmonary artery and its branches. Aorta 

of fairly normal calibre. All the outlines are indistinct on account of very large cardiac 
pulsations. 


Both congenital and inflammatory lesions in the valves were found. 
In the other cases, the genesis of the aortic insufficiency was not cleared 
up. The comparative freedom from symptoms during yt years of growth, 
in all our patients, might have been explained by the fact that the eortic 
insufficiency and the resultant secondary changes had arisen, or hed 
become appreciably aggravated, at a relatively late stage. 

It ought to be possible to make a correct diagnosis in the living 
subject. Important signs pny symptoms may be established even at the 
clinical examination. In an acyanotic patient with cardiac symptoms 
dating from earliest vor tea the combination of a palpable thrill, a 
systodiastolic murmur with maximum loudness over the third and fourth 
intercostal space, and a high pulse pressure, ought to be enough to suggest 
the presence of a ventricular septal defect with aortic insufficiency. 

The conventional roentgen examination also gives valuable informa- 
tion. The heart is greatly enlarged. Fluoroscopy reveals very large pulsa- 
tions. The pulmonary artery and its branches are dilated, although not 
to any exaggerated degree. The aorta in general is of normal appearance. 

These routine examinations alone should reduce the differential 
diagnostic alternatives to a minimum. The greatest differential diagnostic 
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Fig. 7. Case 5. A high degree of general cardiac enlargement. Moderate widening of the 
pulmonary artery and its branches. Aorta of normal calibre. Fluoroscopy revealed large 
pulsations of the heart and great vessels. 


problems are encountered in atypical cases of patent ductus arteriosus. 
Aortic septal defect and ruptured aneurysm of the aortic sinus are other 
alternatives. 

The differential diagnosis from patent ductus 
arteriosus should be given special attention. It is remarkable that 
the majority of the previously published cases, as well as three of ours, 
should have been incorrectly interpreted es patent ductus arteriosus. 

Characteristic cases of patent ductus arteriosus have, as we know, 
a continuous murmur, but cases with a systodiastolic murmur are not 
very uncommon. The position for the maximum loudness of the murmur 
is an important although somewhat subjective sign. In the cases 
described in this paper, the maximum loudness was heard one or two 
intercostal spaces lower than in our cases of patent ductus arteriosus. 

The heart is sometimes very large in patent ductus arteriosus. In 
such cases, the pulmonary artery is greatly dilated (SattzMAn). In a 
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Fig. 8. Case 6. Considerable cardiac enlargement. The dilatation of the left ventricle 
is striking. Moderate widening of the pulmonary artery and its branches. Aorta of normal 
calibre. Large pulsations of the heart and great vessels. 


patie nt with a combined ventricular septal defect and aortic insuffi- 
ciency, however, the pulmonary artery shows only moderate dilatation 
despite the greatly enlarged heart. The aorta is usu: ully dilated in patent 
ductus arteriosus, and in addition it shows a local, characteristic dilata- 
tion close to the ductus in at least 50 per cent of all cases (JONSSON 
and SALTZMAN). An anomaly of this type is not seen in other malforma- 
tions. 

We are convinced that a differential diagnosis between patent ductus 
arteriosus and a combined ventricular septal defect and aortic insuffi- 
ciency may nearly always be made with the help of the clinical data 
and a conventional roentgen examination. 

In a few cases, it may be necessary to supplement these examinations 
with catheterization of the heart. In the case of a ventricular septal 
defect, arterie! mingling of the blood is already observable in the right 
ventricle; in patent ductus arteriosus, this condition is found first in 
the pulmonary artery. An essential condition for the diagnosis is that 
there should be no insufficiency of the pulmonary orifice. The most 
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convincing differential diagnostic proof is obtained if the catheter passes 
through a patent ductus arteriosus. 

Examination of the heart and great vessels with a contrast medium 
can yield valuable information. These examinations should, however, 
only be carried out when the diagnosis cannot be made by any other 
means. These highly enlarged hearts are extremely sensitive to the 
pressure-lowering measures which must be undertaken in connexion with 
such an examination, 7. e. narcosis and maximum filling of the lungs. 
We would here give a special warning against the use of pentothe! and 
other similar anaesthetics in these cases. 

The differential diagnosis from en uncomplicated aortic septal defect 
should be possible by determination of the oxygen saturation in connexion 
with catheterization of the heart. 

If an aneurysm of the aortic sinus ruptures after birth, the course 
is so dramatic that there can be no question of mistaking the condition 
for a combined ventricular septal defect and aortic insufficiency. Most 
of the patients die soon after the rupture. If an aneurysm of this type 
communicates with the right ventricle even at birth the condition is, 
haemodynamically speaking, so like a combined ventricular septal defect 
and aortic insufficiency that a differential diagnosis can only-be made 
with the aid of thoracic aortography. Our differential diagnostic possi- 
bilities are even more limited if the ruptured aneurysm of the aortic 
sinus is combined with insufficiency of the aortic orifice (ABBorT). 


SUMMARY 


After a short survey of the literature, the clinical data and roentgenologic findings 
in four cases of ventricular septal defect combined with aortic insufficiency, and in two 
other haemodynamically similar cases, are described. The diagnosis may nearly always 
be made on the basis of the clinical data and a conventional roentgen examination. 
Particular attention is paid to the question of the differential diagnosis, more especially 
from patent ductus arteriosus. 


ZUSAMMENFASSUNG 


Nach einer kurzen Literaturiibersicht werden die klinischen Daten und die rént- 
genologischen Befunde in 4 Fallen von Kammerseptumdefekten, die mit Aortainsuffiziens 
kombiniert waren, sowie in 2 anderen haemodynamisch ahnlichen Fallen beschrieben. 
Die Diagnose kann nahezu immer auf Grund der klinischen Daten und der konventio- 
nellen Réntgenuntersuchung gestellt werden. Besondere Aufmerksamkeit wird der 
Differentialdiagnostik, besonders gegeniiber dem offenstehenden Ductus arteriosus, 
gewidmet. 


RESUME 


Aprés une courte revue de la littérature les auteurs décrivent les signes cliniques 
et radiologiques de quatre cas de communication interventriculaire associée & une In- 
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suffisance aortique, et de deux autres cas hémodynamiquement semblables. Le diagnostic 
peut presque toujours étre fait sur les signes cliniques et examen radiologique standard. 
Le diagnostic différentiel, et plus spécialement avec la persistance du canal artériel, 
est l'objet d'une attention particuliére. 
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BRONCHOGRAPHY BY THE ASPIRATION 
OF CONTRAST MEDIA 


by 
Bjorn Nordenstrom 


The increased importance acquired by bronchographic investigation 
in recent years has gone hand in hand with a number of improvements 
in technique as well as in the contrast and anaesthetic media employed. 
Factors of chance and uncertainty have been progressively eliminated. 
There has also been a fashion in ‘selective bronchograms’ which test 
the examiner’s ability to direct the contrast medium to some particular, 
small bronchial section. This development has been of very considerable 
significance in the bronchographic technique; the method should, how- 
ever, always be adapted to the nature of the case. 

Amongst the different pathologic conditions for which bronchography 
should be used in diagnosis, bronchiectasis takes the first place. In this 
disease there are often diffuse changes in the bronchi, the extent of 
which cannot be determined in ordinary roentgen films or in tomograms. 
Nor can palpation during thoracotomy indicate, as in pulmonary tuber- 
culosis, which of the broncho-pulmonary regions are pathologically 
changed. In the therapeutic and especially the operative treatment of 
bronchiectasis, bronchographic exploration of the bronchial tree is there- 
fore indispensable. This, however, calls for a complete bronchographic 
examination of all the bronchial ramifications. In cases of bronchiectasis, 
should the examination be incomplete, the patient, in spite of surgical 
intervention, may not be radically cured. 

Selective bronchograms are not suitable as a first step in a complete 
bronchographic examination. Catheterisation of the enlarged bronchial 
ramifications with selective injections of contrast medium easily produces 
its uneven distribution in the bronchial tree and there is considerable 
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Fig. 1. Catheter equip- 
ment. A pliable metal 
mandril is inserted in- 
to a straight roentgen 
opaque plastic catheter, 
the tip of which is given 
the desired form by bend- 
ing it with the mandril 
inside. The catheter is 
sterilised by boiling, still 
with the mandril inside, 
and retains its shape 


after cooling. 


risk of excessive introduction of the contrast medium into certain bron- 
chial branches. 

In investigations of bronchiectasis in our Department we have, 
during the past year, successfully employed a technique in which the 
patient himself aspirates the contrast fluid. The technique is a simple 
one, ho complications have been observed, and, up to the present, e€X- 
cellent representations of the bronchi have been obtained. In exceptional 
cases the bronchograms had to be supplemented with selective injections 
of contrast medium into certain areas. 

The contrast fluid is injected through a specially constructed roentgen- 
opaque plastic catheter, 48 em in length (Kifa, Stockholm). The latter 
is first sterilized by boiling for ten minutes on a mandril, the tip of 
which is pliable (Fig. 1). After cooling, the catheter retains the same shape 
of the mandril for a sufficient period for catheterisation of the bronchi. 
Its shape is thus determined by the examiner, who forms the mandril 
before the examination takes place. One of the greatest advantages of 
this catheter is that being inexpensive a completely new specimen may 
be used for each examination. The cleaning of catheters, which is often 
a troublesome process, is thus obviated. In addition, there is greater 
assurance of absolute sterility of the lumen. 


Anaesthesia. After premedication of the patient with 0.1 g of barbi- 
turate and 0.4 to 0.8 ml of Scophedal (Merck) for an adult, the pharynx 
is anaesthetized with 2 °% tetracaine, administered by spraying. For the 
trachea and the bronchial tree of the lung to be examined, 3 to 6 ml 
of tetracaine are instilled between the vocal cords with a laryngeal 
syringe. By altering the position of the patient the fluid is directed to 
the different ramifications of the lung under examination. 

When the larynx and the larger bronchi have been anaesthetized, 
the catheter is inserted via the mouth and directed down between the 
vocal cords under control with a laryngeal mirror. Even if attempts 
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have been made to drain the bronchi before the examination by means 
of posture, etc., experience indicates that they should also be cleared 
as much as possible by applying suction through the catheter before 
injection of the contrast medium. Bronchial regions may consequently 
often be reached which have been insufficiently anaesthetized on account 
of obstruction by secretions. Small amounts of the anaesthetic must 
then be introduced through the catheter to the area in question. The 
suction of the bronchi and any anaesthesia required are effected under 
fluoroscopic control with the patient lying on a trochoscope table. 

The introduction of the contrast medium. Under fluoroscopic control, 
with the patient lying supine, the catheter tip is placed in position a 
few centimetres distal to the carina in the main bronchus of the lung 
to be examined. The patient with his lips then keeps the catheter from 
moving. He is placed in a true lateral position, lying on the same side 
as the lung to be examined. It is important to see that the patient is 
not inclined forwards or backwards: uneven distribution of the contrast 
medium in the bronchi will then be avoided. 

Dionosil (Glaxo, oily or water-soluble) — the latter usually preferred 

has been used as the contrast medium. The amounts have varied a 
good deal. For a normal lung in a small woman, 10 to 15 ml of contrast 
medium often suffices: in the case of a large man with extensive bronchi- 
ectasis 40 ml is not an exceptionally large amount. 

Ten (10) to 20 ml of contrast medium, depending on the size of the 
patient and the degree of pathologic change expected, has generally been 
used for a first application. The injection is made with a 20 ml standard 
Record syringe. 

After connection of the syringe to the catheter, the patient is told 
to take one or two breaths, and then to hold his breath in expiration. 
The contrast medium is quickly injected into the main bronchus under 
fluoroscopic control. Immediately on conclusion of the injection the 
patient is asked to take a deep breath so as to aspirate the contrast 
medium. On account of the viscosity of the fluid, obstruction of the main 
bronchus is commonly produced as the injection is given. When the 
patient breathes in, the contrast fluid is rapidly distributed peripherally 
throughout the bronchial tree. At the origin of the bronchial branches 
the division of the contrast medium is proportional to the size of the 
ramifications. 

The contrast filling of the bronchi is controlled fluoroscopically. In 
the case of unsatisfactory distribution in the peripheral bronchial 
branches, a further amount of contrast medium must be injected by 
means of the technique described. The patient is then placed in the 
upright position in a screening stand. The examination continues with 
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Fig. 2. Left lung; lateral. When a small volume of contrast medium is aspirated, it is 
deposited in a film on the walls of the larger bronchi. 


the exposure of roentgen films of the bronchi under fluoroscopic control. 
On completion of the examination as much of the contrast medium as 
possible is removed by suction shrough the catheter before the patient 
is allowed to cough. 

Fig. 2 shows the central parts of the bronchi of the left lung in the 
lateral projection after aspiration of the contrast medium. The procedure 
distributes a thin film of contrast medium on the medial surface of the 
bronchial walls, the condition of which may thus be more easily estimated 
than if the medium completely blocked the lumina of the bronchi. 

If a sufficient quantity of contrast fluid is used, fine ramifications 
in the periphery of the bronchi may usually be reached without difficulty. 

Local deviations in the even distribution of the contrast medium in 
the bronchi may be caused by the reduced capacity of certain branches 
to draw in the contrast medium. Bronchiectasis or bronchostenosis is 
often found to exist in such regions. In some cases, however, the accu- 
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Fig. 3. Right lung. Contrast filling of peripheral bronchial branches. Typical reduced 
filling of the medial segmental bronchus of the middle lobe, in which there is small 
cylindric ectasis. 


mulation of secretion in a normal bronchus may produce unsatisfactory 
contrast filling. Fig. 3 shows a bronchogram of the right lung with fairly 
regular contrast filling of the bronchi, except for the medial segmental 
bronchus of the middle lobe, in which cylindrical ectasis and atelectasis 
are present. 

Fig. 4 depicts a bronchogram of the right lung produced by contrast 
aspiration in a case with bronchiectasis and cystic changes in the greater 
part of the lung. Normal contrast filling of peripheral bronchial branches 
was only obtained in one branch of the apical segmental bronchus of 
the upper lobe. ‘ 

In later stages of bronchographies performed by this method, fairly 
even alveolar contrast filling may be obtained. This provides proof that 
the bronchial branches of the corresponding region of the lung are con- 
trast filled throughout. Such alveolar filling is usually not obtained in 

19553088. Acta Radiologica. Vol. 44. 
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Fig. 4. 


Right lung: supine. Bronchiectasis 
and cystic changes. Peripheral contrast 
filling obtained only in one branch of 
the apical segmental bronchus of the 
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Fig. 5. Alveolar transfer of contrast me- 
dium. The fairiy even contrast filling in 
the parenchyma proves that the contrast 
fluid can pass through the entire length 


upper lobe. 


of the corresponding bronchi. Bronchi- 

ectasis in middle lobe bronchus and pos- 

terior basal and anterior basal segmental 
bronchi of lower lobe. 


ectatic bronchi (Fig. 5). When it is doubtful whether unsatisfactory 
filling of a region is caused by pathologic change in the bronchus or 
by the accumulation of secretion in a normal bronchus, the examination 
must be supplemented by selective contrast filling after the necessary 
clearing of the bronchus by means of suction. 

It might be expected that considerable reduction of the aerating 
capacity of a lung, caused by thickening of the pleura, might make the 
aspiration technique impossible. It has been shown, however, that this 
is not necessarily the case. In the bronchogram in Fig. 6, the left lung 
is completely surrounded by a considerably thickened and shrunken 
pleura. The contrast medium passes out to the alveoli, except in the 
ectatic regions which are mainly to be found in the upper lobe. 


Discussion 


To enable the contrast medium to be aspirated, the bronchi must 
retain at least some of their normal aerating capacity. In cases of bronchi- 
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ectasis, there is often se- 
cretion in the bronchi, 
causing atelectasis. Care- 
ful draining and drying 
of the bronchi before ex- 
amination is, therefore, 
of special importance in 
this technique. But even 
if the bronchi are well 
cleared, the contrast fill- 
ing of ectatic bronchi is 
often less satisfactory 
than that of normal bron- 
chi. Incomplete contrast 
filling of some regions 
is, therefore, an impor- 
tant sign that the bron- 
chus concerned may be 
abnormal. In most cases, 
however, satisfactory 
contrast filling of ectatic 
bronchi is achieved by 
the technique of contrast 
aspiration. If, for any 
reason, this should not 
be the case, a method of 
selective bronchography 
should be carried out. 
Selective bronchog- 
raphy may then suitably 
be performed while the 
bronchial tree is still an- 
aesthetized. It is usually 
unnecessary to introduce 
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Fig. 6. Left lung. In spite of shrinkage and considerable 

thickening of the pleura around the lung, effective aspira- 

tion of the contrast medium is obtained. Bronchiectasis, 

mainly in the apico-posterior and anterior segmental 
bronchi of the upper lobe. 


any additional catheter into the bronchi; the one already used for the 
bronchography may be utilized. 

It may be questioned whether it is necessary to fill all the bronchi 
with contrast medium when bronchiectasis is suspected. Our experience 
is that a bronchus can never be assumed to be free from ectatic changes 
before this has been proved by satisfactory contrast filling. 

When the contrast medium is aspirated, the risk of its extensive 
effusion into the parenchyma of the lung is considerably less than when 
it is injected directly into the lobar or segmental bronchi. The even 
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distribution of the contrast medium in the aerated bronchi on aspiration 
prevents overdosage in any particular branch. With the volume of con- 
trast medium employed, the relatively large surface represented by the 
total bronchial mucous membrane affords fairly good protection against 
its unnecessary wide effusion into the parenchyma. 

One of the most valuable results of bronchography by contrast aspi- 
ration is the representation obtained of the mucous membranes of the 
bronchi. The contrast medium forms a film on the medial surface of 
the bronchial walls instead of massively blocking the lumina. This pro- 
duces ‘double contrast’ roentgenograms on account of the air in the 
bronchi and the film of contrast medium lying on the mucous membrane. 
At the same time, the volume of the medium introduced is effectively 
utilized. 

No complications have been observed in connection with this 
technique. It has proved useful in the bronchographic examination of 
patients suffering not only from bronchiectasis but also from pulmonary 
tuberculosis and neoplasms. 


SUMMARY 


A bronchographic technique is described in which the patient aspirates the contrast 
medium. The method is easy to perform and produces good filling of the bronchial tree. 
It may be readily supplemented with selective bronchography if necessary. No compli- 
cations have been observed in connection with the technique. 


ZUSAMMENFASSUNG 


Eine Bronchographietechnik, bei welcher der Patient das Kontrastmittel einatmet, 
wird beschrieben. Die Methode ist leicht durchzufiihren und gibt eine gute Ausfiillung 
des Bronchialbaumes. Bei Bedarf kann sie leicht mit einer selektiven Bronchographie 
vervollstindigt werden. Bei Anwendung dieser Technik sind keinerlei Komplikationen 
beobachtet worden. 


RESUME 


L’auteur décrit une technique bronchographique ot le malade aspire le produit 
de contraste. Cette méthode est d’exécution facile et donne une bonne imprégnation 
de l’'arbre bronchique. Elle peut facilement étre complétée par la bronchographie sélective, 
si nécessaire. Cette technique n’a pas entrainé de complications. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: PROF. FOLKE KNUTSSON), 
UNIVERSITY HOSPITAL, UPPSALA, SWEDEN 


LUMBAR AORTOGRAPHY IN ACUTE AORTIC 
KMBOLISM 
by 
Herman Lodin 


There appear to be no references in the literature to the use of lumbar 
aortography in the diagnosis of aortic embolism, for example “saddle” 
emboli at the aortic bifurcation. During the course of about one year, 
4 cases of acute aortic embolism have been examined by this means 
in our Department. The indications for the investigation in this con- 
dition, which presents certain characteristic features, will be discussed 
and some technical points described. 

In a previous paper Loprn et coll. (1955) agreed with other authors 
that acute total occlusion of the aorta constitutes an absolute indication 
for operation, and stressed the importance of accurate diagnosis to avoid 
unnecessary operative interference. They gave detailed clinical descrip- 
tions of 3 of the 4 cases described below. 

If acute total occlusion of the aorta is an absolute indication for 
operation, the indication for lumbar aortography would appear to depend 
upon the accuracy of the clinical diagnosis. The diagnosis of an obstruc- 
tion in the lower part of the aorta and the upper part of the common 
iliac arteries may be established with relative certainty. Without the use 
of aortography, however, it cannot be determined whether the occlusion 
is complete, or at what level in the aorta the upper limit of the occlusion 
lies. Thus, from the point of view of surgery, aortography is indicated 
in every case of acute aortic embolism. Aortography, however, cannot 
show how far down the iliac and femoral arteries the occlusion extends. 

On the other hand, the considerable risks of lumbar aortography in 
these patients, who are often in a precarious condition, must be taken 
into consideration. The usual cause of aortic embolism is a fibrillating, 
dilated left auricle in mitral stenosis, or cardiac infarction. Since direct 
puncture of the aorta is a prerequisite of the procedure (retrograde 
catheterization is clearly out of the question) the patient has to lie prone, 
which in itself will involve considerable extra strain on an already de- 
compensated heart. However, no ill effects due to this were noted in 
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Fig. 1. Case 1. Occlusion of the aortic Fig. 2. Case 2. Occlusion of the aortic 
bifurcation (saddle embolus). The left — bifurcation (saddle embolus). The right 
common iliac artery is totally, and the common iliac artery is totally, and the 


right partially, closed. left partially, closed. 


any of the four patients examined by us. The whole procedure should 
be carried out as quickly as possible. 

When the aortic occlusion is complete, the injection entails a con- 
siderable risk of momentary overloading the kidneys with contrast 
medium, as the latter is dammed up, and remains longer than usual in 
the aorta. Both the concentration and the volume of contrast medium 
should therefore be less than for ordinary aortography. It is important 
that the injection is not made at high pressure; this might increase the 
strain on the kidneys owing to the high concentration of contrast medium 
in the renal arteries and it is possible, too, that fragments might be 
broken off the embolus. Owing to the occlusion, good filling is obtained 
even at low injection pressures. The injection should therefore be per- 
formed manually. An increase in resistance is felt while it is being made. 
The time elapsing between the beginning of the injection and this feeling 
of increased resistance varies, depending on the position of the needle 
in relation to the occluding embolus. 
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ae 


Fig. 3. Case 3. Total aortic occlusion Fig. 4. Case 4. Total aorue occlusion im- 
rather more than a finger-breadth mediately above the aortic bifurcation. 
below the renal arteries. 


The following technique was used for the four patients described 
below, none of whom developed complications due to the radiologic 
investigation. The patient was premedicated with Pethidine. Oxygen was 
administered during the procedure, and light NO,-ether anaesthesia 
during the actual injection. The patient was placed prone, and the aorta 
punctured directly in the ordinary way. Twenty (20)—25 ml of Umbradil 
50 % or 35 % was then injected, and the roentgen exposure made at 
the moment when increased resistance was felt. Physiologic saline was 
then injected to dilute the contrast medium in the aorta, the needle 
removed, and the patient turned on to his back. 

In three cases the defect in the contrast filling showed an upward 
convexity typical of a recent embolus (Cases 1, 2, 3). In the 4th case 
the border was more or less straight. 

Case 1. Woman, aged 50 years, with an infarct of the posterior wall of the left 
ventricle. Acute severe pain in both legs, with paraplegia. Pulsation in the right femoral 
artery barely palpable; no pulsation felt over the left femoral artery. Source of embolus, 
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a 4-day-old, posterior wall infarct. Lumbar aortography same day (Fig. 1). Successful 
embolectomy. Postoperative course uneventful. 

Case 2. Woman, aged 43 years, with mitral stenosis. Both buttocks suddenly 
became numb. Pulsations palpable in left leg but not in right. Three (3) days later, still 
no pulsation on right side, pulsation in the left femoral artery barely palpable. Source 
of embolus dilated, fibrillating left auricle. Lumbar aortography (Fig. 2) same day. 
Successful embolectomy. Postoperative course uneventful. 

Case 3. Woman, aged 51 years, with fibrillating mitral stenosis. Sudden, severe 
pain in both legs. No pulsation palpable in either leg. Source of embolus dilated, fibril- 
lating left auricle. Lumbar aortography same day (Fig. 3). Immediate postoperative 
course uneventful, but patient developed pulmonary oedema on the 12th day and died. 
Autopsy findings: embolism of the mesenteric artery, with infarction of the small bowel. 
Site of operation clear. 

Case 4. Woman, aged 49, with mitral stenosis and diabetes mellitus. Acute pain 
n both legs. No pulsation felt in either leg. Source of embolus enlarged, fibrillating left 
auricle. Lumbar aortography same day (Fig. 4). Circulation immediately after embo- 
lectomy good, except for the distal parts of the lower extremities. A few hours later no 
femoral pulsation could be felt on either side. Patient then considered too ill for another 
operation. Progressive circulatory insufficiency and rising blood-sugar, with death 36 
hours after the first embolism. 


Conclusion 
Lumbar aortography is indicated in acute aortic embolism, even 
in patients who are poor risks, provided that due consideration is given 
to the special problems these cases present. The examination is of 
considerable value in confirming the clinical diagnosis and minimizing 
subsequent surgical intervention. 


SUMMARY 
The indications for and technique of lumbar aortography in acute aortic embolism 
are discussed. A short account is given of 4 patients who underwent subsequent embol- 
ectomy. 
,ATDA QQTIN 
ZUSAMMENFASSUNG 
Die Technik der lumbaren Aortographie sowie ihre Indikationen bei der akuten 
Aortaembolie wird besprochen. Ein kurzer Bericht iiber 4 Patienten, welche anschliessend 
einer Embolektomie unterzogen wurden, wird abgegeben. 


RESUME 
L’auteur discute les indications et la technique de l’aortographie lombaire dans 
l'embolie aortique aigué. I] rapporte bri¢vement les cas de 4 malades qui ont par la suite 
subi une embolectomie. 
REFERENCE 
Loprx, H., Rupstrém, P. and Térnsiom, N.: Saddle Embolism of the Aortic Bifurea- 
tion. Acta med. Scandinav. 151 (1955), 171. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: PROF. FOLKE KNUTSSON), UNIVER- 
SITY HOSPITAL, UPPSALA, SWEDEN 


ROENTGEN EXAMINATION IN CASES 
OCCLUSION OF THE MESENTERIC VESSELS 
by 
Ingemar Hessen 


Vascular occlusion of the mesenteric vessels is a relatively rare con- 
dition, difficult to diagnose, and with a high degree of mortality. The 
chief symptoms — acute, violent abdominal pain, vomiting, sometimes 
initial diarrhoea but also constipation and often a marked state of shock 

indicate that this is a serious, acute abdominal disease, in which the 
differential diagnosis points to several possibilities. Intestinal bleeding 
and a history suggesting a possible embolic source or a basic disease 
in which thrombosis is a prominent feature may occasionally lead to 
the correct diagnosis. That the diagnosis is highly hazardous is, however, 
shown, for example, | yy TROTTER’s large compilation of 359 cases, out 
of which the correct diagnosis had been made in only 13 cases. 

The occlusion genet rally occurs in either the superior mesenteric artery 
or vein, which handle the circulation for the entire small intestine from 
the descending part of the duodenum, the ascending colon, and half of 
the transverse colon. In the inferior mesenteric artery and vein, which 
provide the circulation for the aboral part of the transverse colon, the 
descending colon, the sigmoid and most of the rectum, occlusions are 
more rare. Furthermore, there are better possibilities for anastomoses to 
occur in the latter, so that no infarction need occur. Occlusions may be 
situated both in the main vessels and the branches of the vascular system 
in question. Thrombosis seems to be more frequent than emboli. The 
latter are generally situated in the superior mesenteric artery. Whether 
thrombosis is more common in arteries or in veins is a matter of dispute. 
It sometimes affects both vascular systems since an originally venous 
thrombosis due to the slowing down ‘of the blood flow may also cause 
arterial thrombosis. 
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Experimental investigations have been conducted to explain the 
origin of the changes. H1pparp et coll. demonstrated in dogs that oe- 
cluding an artery with a clip caused an initial contraction of the intestine 
with the production of hemorrhages within 15 minutes and, after 30 
minutes, stasis, dilatation and suspended peristalsis. When a vein was 
occluded, stasis and a slight contraction occurred at once, but no re- 
laxation and no accumulation of gas or fluid could be demonstrated 
roentgenologically during the six hours of the experiments. Occluding 
both the vein and the artery yielded the same results as arterial occlusion, 
but the signs appeared more rapidly. The experiment further showed 
that dilatation later appeared in those parts of the intestine situated 
proximal to the area of infarction. 

These experimental investigations form an important basis for our 
understanding of the symptom: atology of the condition. This is, however, 
complicated by the fact that the “occlusion often develops gradually. 
This means that patients are sometimes not brought in for examination 
until a week or so has lapsed after their becoming ill. 

The clinical diagnosis being beset with so many difficulties, it is 
natural that the possibilities of roentgenologic assistance have not been 
entirely overlooked. The literature in this field is, however, very sparse, 
and there seems to be only one work upon the subject of importance, 
viz. by FRrmmaANnN-DAHL, who has reported his experiences based on a 
material of 17 cases. It is his opinion that vascular occlusion generally 
causes dilatation of the intestinal area supplied by the obstructed vessel. 
Dilatation may, however, also occur proximal to an intestinal infarct 
due to the fact that the affected area causes a relative obstruction to 
the lumen of the bowel. One may thus obtain a picture similar to a 
mechanical ileus of the small intestine. If parts of the colon are included 
in the circulatory disturbance, these are also dilated by gas. Fluid levels 
may be present, but not to such a marked extent as when the colon is 
mechanically obstructed. In examination of the intestine with barium 
he found that the speed had been slowed down, and signs of edema of 
the intestinal wall could also be observed. The interval between the 
patient becoming ill and the roentgen examination was of importance; 
even in 3 to 4 hours, signs of distension of the intestine were present. 
At the beginning of a vascular occlusion, increased intestinal motility 
may, according to FRIMANN-DaHL, occur, but paresis of the intestine 
is the rule in most cases. In its final stage, the picture is characterized 
by the development of peritonitis. On the basis of his material, FRIMANN- 
DAHL considers that the roentgen examination may strongly support 
the diagnosis. 

The present material consists of 20 cases, comprising all those which 
have been examined roentgenologically at The University Hospital, 
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Uppsala, up to and including 
1952. Fifteen were men, and 
5 women. Twelve were over 
60 years old, and only 2 under 
40: both of the latter were cases 
of septic thrombosis. Only 3 
recovered. On all except one 
(No. 19, in which the diag- 
nosis was made from the clini- 
cal development), operation 
or autopsy, or both, were per- 
formed. An attempt has been 
made to classify the cases as 
emboli and thromboses. In 
the patho-anatomic examina- 
tion it has, however, some- 
times proved difficult to as- 
certain definitely the nature 
of the vascular occlusion. In 
all cases except No. 19, and 
Case No. 12 (in which the site 
of initiation was the ileocolic 
artery), the occlusion com- 
menced in either the superi- 
or mesenteric artery or su- 
perior mesenteric vein. Fig. 1. Case 1. Forty-eight hours after first symp- 
toms. General intestinal paresis. 


Case reports 


Case 1. Man, 59. Acute illness. Roentgen examination 12 hours after onset 
(6997/46): Much gas in the stomach. Moderate amount of gas in the colon. No gas in 
the small intestine. Roentgen examination after 3 days (7074/46): Stomach strongly 
distended by gas. Much gas in the colon. Small intestine distended and gas conducting; 
proximal portions particularly dilated; several fluid levels present; no noticeable difference 
between the heights of the levels in the two limbs of the same loop (Fig. 1). Conclusions: 
General paresis of the intestine. Operation the same day: Moderate amount of fluid in 
the abdomen. One metre of gangrenous jejunum resected. Patient died 7 days later. 
Autopsy: Obturating embolus in the branch of the superior mesenteric artery leading 
to the resected part of the intestine. Embolus also in an adjoining branch, but not ob- 
structing. 


Case 2. Woman, 75. Acute illness. Roentgen examination 1 hour after onset 
(18946/47): No abnormality seen. Roentgen examination after 5 hours: Small amounts 
of gas in the stomach with moderate amounts in the colon. In the left part of the ab- 
domen, one short, gas-conducting loop of small intestine with one fluid level; further 
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fluid level in the caecum. Barium ene- 
ma: No abnormality. Barium orally: The 
contrast medium passed without ob- 
struction down into the proximal loops 
of the small intestine (examination ter- 
minated after 30 minutes). The patient 
diea the same day. Autopsy: Long em- 
bolus in the superior mesenteric artery 
crossing the dividing point and ob- 
structing two of the main branches of 
the artery. Infarction of about 1 m of 
the small intestine starting 3 dm below 
the duodenojejunal flexure. Small 
amount of free fluid in the abdomen. 


Case 3. Woman, 76. Acute ill- 
ness. Roentgen examination 24 hours 
after onset (22742/49): Large amounts 
of gas in the stomach. Small, scattered 
collections of gas in the colon. In the 
central part of the abdomen, below the 
stomach, several moderately distended 
loops of small intestine, rather mark- 
edly arched. No definite fluid levels 
present (Fig. 2). Conclusions: Local in- 


Fig. 2. Case 3. Twenty-four hours after first testinal distension. Patient died the 
symptom. Local intestinal distension. day after the roentgen examination. 


Autopsy: Embolus in the main superior 
mesenteric artery, which does not entirely obstruct the lumen. Infarction of the small 
intestine and of the colon as far as the sigmoid flexure. No increase in the amount 
of fluid in the abdomen. 


Case 4. Woman, 69. Acute illness. Roentgen examination after 15 hours (12918/52): 
Much gas in the stomach. No conduction of gas in small intestine. Small amount of gas 
in the caecum with a small fluid level. Barium orally: There was considerable delay in 
the emptying of the stomach, and not until 15 hours later had some of the contrast 
medium reached the upper loop of the jejunum, which showed signs of commencing 
dilatation. The paresis of the stomach and the proximal parts of the small intestine 
then slowly progressed. Fig. 3 a shows the appearances after 49 hours, and Fig. 3 b 
after 56 hours. Gas and fluid are present in the stomach and the proximal parts of the 
small intestine; the gas in the colon has gradually diminished. Conclusions: Paresis 
within a limited area of the digestive tract. Operation immediately following the last 
roentgen examination: Great deal of thin fluid in the abdomen; proximal part of the 
jejunum markedly distended and gangrenous for 10 cm. Mesentery corresponding to 
the affected area very edematous. Probable cause: emboli in the superior mesenteric 
artery. Resection of the loop showing infarction (50 cm). Patient died 4 days later. 


Case 5. Man, 75. Acute illness. Roentgen eramination 2 days after onset (11482/34): 
No gas in the stomach or small intestine. Much gas in the colon. No fluid levels. Barium 
enema: No abnormality detected. Death occurred 2 days later. Autopsy: emboli probable 
with thrombi extending from the main superior mesenteric artery into three main 
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Fig. 3. Case 4. Horizontal beam direction. a. Forty-nine hours after first symptoms. 
Progressing paresis in a limited part of the small intestine. b. Seven hours later. The 
proximal parts of the small intestine somewhat further distended. 


branches. Infarction of the bowel from approximately 50 cm below the duodenojejunal 
flexure as far as the hepatic flexure. Peritonitis with 150 ml of fluid in the abdomen. 


Case 6. Man, 49. Subacute illness. Roentgen examination 3 days after onset 
(8306/38): Moderate amount of gas in the stomach. Much gas in the caecum and de- 
scending colon. One short, distended jejunum loop to the left in the abdomen. No fluid 
levels. The patient died the next day. Autopsy: Probable thrombi growing in the superior 
and inferior mesenteric arteries. Thrombosis also of the arteries and veins of the liver 
and pancreas. Commencing 1.5 m below the duodenojejunal flexure, there was infarction 
of 2 m of the small intestine. About 30 ml of free fluid in the abdomen. 


Case 7. Man, 74. Acute illness. Roentgen examination 11 hours after onset 
(9389/39): Small amounts of gas in the colon. One short, gas-conducting jejunal loop 
to the left of the abdomen. No fluid levels. Death occurred 11 hours later. Autopsy: 
Probable emboli with thrombi growing in the inferior branch of the superior mesenteric 
artery. Corresponding veins also thrombosed. Infarction of the ileum and ascending 


colon. 


Case 8. Man, 48. Acute illness. Roentgen eramination 2 days after onset (6442/40): 
Small amounts of gas in the stomach. Much gas in the caecum and a certain amount 
in the transverse colon. One moderately distended, gas-conducting jejunal loop in the 
left upper part of the abdomen. No fluid levels. Barium orally: Passage slowed down 
in the duodenal loop and the proximal part of the jejunum. In the distal part of the 
intestine, normal peristalsis absent and coarse mucosal pattern, probably due to edema. 
Operation the same day: Infarction with edema in the upper part of the small intestine. 
No increase in the amount of free fluid in the abdomen. Patient died 13 days later. 
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Autopsy: Emboli with thrombi grow- 
ing in the superior mesenteric artery 
continuing down into the three main 
branches. Infaretion of 1 m of the je- 
junum below the duodenojejunal flex- 
ure. One-and-a-half litres of free fluid 
in the abdomen. 


Case 9. Woman, 74. Acute ill- 
ness. Roentgen eramination 12 hours 
after onset (12176/36): Small amounts 
of gas in the stomach. No definite sign 
of gas in the small intestine. No fluid 
levels. Examination repeated 24 hours 
later: Moderate amount of gas in the 
stomach with a considerable quantity 
of gas throughout the colon; no definite 
sign of gas in the small intestine. No 
fluid levels. The patient died the next 
Fig. 4. Case 10. Small intestine working against day. Autopsy: Thrombosis, blocking 


obstruction. Film taken 6 hours after com- the superior mesenteric artery. Infare- 
mencement of examination with barium orally. tion of the small intestine. Colon nor- 
Coarse mucosal pattern as a sign of edema. mal. 100 ml free fluid in the abdomen. 


Case 10. Man, 68. Subacute illness. Roentgen examination 2 days after onset 
(16118/48): Moderate amounts of gas in the stomach. Much gas throughout the colon. 
Several distended, gas-conducting loops of small intestine, rather markedly arched, in 
the upper and central parts of the abdomen. Fluid levels in the distended loops with 
different height in the two limbs of the same loop. Conclusions: Small intestine working 
against an obstacle. Barium orally: The contrast medium passes down into the dilated 
loops of the-smalt intestine, in the distal part of which the mucosal pattern is coarse, 
suggesting edema (Fig. 4). Operation the same day: Half of the small intestine necrotic 
and without peristalsis. Thick pus in the abdomen. Death occurred the same day. 
Autopsy: Thrombosis of the superior mesenteric artery from its origin for 1 dm. Infare- 
tion of the lower half of the small intestine; 100 ml free fluid in the abdomen. 


Case 11, Man, 70. Acute illness. Roentgen examination 12 hours after onset 
(22829/49): No gas in the stomach. Considerable amount of gas in the colon. A few 
moderately distended, gas-conducting loops of small intestine to the left in the upper 
and central parts of the abdomen, these being rather markedly arched. The height of 
fluid levels in the two limbs of the same loop could not be definitely assessed (Fig. 5 a 
and b). Conclusions: Dilatation of the small intestine. Cause not obvious. Operation 
the same day. Infarction of the whole of the small intestine and half the colon. The 
bowel generally inflated by gas. Fair amount of fluid in the abdomen. The patient died 
3 days later. Autopsy: The superior mesenteric artery obstructed by a thrombus 10 cm 
long, starting at the origin of the vessel. Infarction of the entire small intestine and 
half the colon. 100 ml free fluid in the abdomen. 


Case 12. Man, 73. Acute illness. Roentgen examination 5 hours after onset 
(8944/52): Small amounts of gas in the stomach. Much gas in the colon, particularly 
in the caecum, ascending colon and the region of the splenic flexure. Large fluid level 
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Fig. 5. Case 11. Dilatation of the small intestine, nature not definitely ascertained. 
Right view: Horizontal beam direction. 


in the caecum. No gas in the small intestine. Operation the same day. Infarction of the 
caecum and ascending colon. Gangrenous smell in the abdomen. Abdomen closed. Patient 
treated with anticoagulants, improved at first, but after a few days presented fresh 
abdominal signs; death occurred 7 days later. Autopsy: Thrombosis of the ileocolic artery 
with infarction of 1.5 m of the distal part of the ileum. The changes in the colon had 
completely disappeared. 


Case 13. Man, 45. Subacute illness. Roentgen examination 2 weeks after onset 
(3890/29): No gas in the small intestine; small amounts in the colon. No fluid levels. 
Barium enema: No obvious changes. Operation the following day: Several bluish-red, 
edematous, but not distended loops of the small intestine. Adjoining mesentery edematous 
with scattered hemorrhages. A good deal of blood-stained fluid in the abdomen. Death 
occurred 3 days later. Autopsy: Thrombosis of the superior mesenteric vein and its 
branches, continuing up into the portal vein. Infarction of the jejunum and ileum. The 
superior mesenteric artery appeared normal. 


Case 14. Woman, 76. Acute illness. Roentgen examination 6 days after onset 
(8819/33): Small amount of gas in the stomach. No definite sign of gas in the small in- 
testine but a moderate amount in the colon. No fluid levels. Barium enema: No obvious 
changes. The patient died 4 days later. Autopsy: Thrombosis of the superior mesenteric 
vein and its branches, continuing up into the portal vein. Infarction of 1.5 m of the 
small intestine, from 70 cm below the duodenojejunal flexure. 130 ml free fluid in the 
abdomen. 


Case 15. Man, 31. Subacute illness (basic disease: septic thrombo-phlebitis). 
Roentgen examination 8 days after the appearance of abdominal signs (9967/37): Moderate 
amount of gas in the stomach. No gas in the small intestine, but a good deal in the colon. 
No fluid levels. Death occurred the same day. Autopsy: Thrombosis of the superior and 
inferior mesenteric veins and the portal vein. Infarction of the duodenum, small intes- 
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tine and the colon as far as 
the splenic flexure; the most 
marked changes were found 
in the duoder :m, and dimin- 
ished in a distal direction. 400 
ml free fluid in the abdomen, 


Case 16. Man, 70, 
Acute illness. Roentgen exam- 
ination & days after onset 
(1095/38): Moderate amount 
of gas in the stomach with a 
good deal in the caecum and 
ascending colon; gas also in 
the transverse colon. Several 
long, distended loops of the 
small intestine with fluid lev- 
els, and rather markedly 
arched in the upper and cen- 
tral parts of the abdomen. 
Conclusions: The small intes- 
tine appears to be working 
against an obstacle (Fig. 6). 
Operation the same day: Six- 
ty cm of the distal part o 
the ileum gangrenous. Throm- 
bi in the attached mes- 
enteric veins. A good deal of 
free fluid in the abdomen. 
The affected part of the in- 
testine was resected. The pa- 
tient died the following day. 
Autopsy: Thrombosis of the 
branches of the superior mes- 
enteric veins emerging from 
Fig. 6. Case 16. Bottom view: Horizontal beam direction. the caecum and distal part 
Eight days after first symptoms. Several long, dis- of the ileum; thrombosis also 
tended small intestines in the upper and central parts of the portal vein. The superi- 
of the abdomen, rather markedly arched. Small in- or mesenteric artery appeared 

testine working against obstruction. normal. 


Case 17. Man, 74. Subacute illness. Roentgen eramination 1 day after the appear- 
ance of abdominal signs (460/40): No gas in the stomach. Small amounts of gas in the 
ascending colon and region of the hepatic flexure. Small amounts of gas in a few un- 
distended loops of the small intestine to the right in the abdomen. No fluid levels. 
Barium orally: At 5'/, hours, most of the contrast medium had reached the caecum. 
Death occurred 2 days later. Autopsy: Thrombosis in the superior mesenteric vein ex- 
tending into the finer branches. Thrombosis of the whole of the small intestine and 
half the colon. No free fluid in the abdomen. 


Case 18. Man, 24. Subacute illness (basic disease: appendicitis, operated earlier). 
Roentgen examination 12 hours after the appearance of the abdominal signs (590/49): 
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far as Stomach strongly distended by gas 
most with small amounts in the caecum 
found and ascending colon. Several long, 
imin- distended loops of the small intestine 
1. 400 | in the upper and central parts of the 
ymen. abdomen with fluid levels, most of 
them at the same height in the two 
, 70, limbs of the same loop. Conclusions: 
-LaM- Local distension of the small intes- 
onset tine, chiefly paretic in character 
Lount (Fig. 7). Ope ration the same day. In- 
ith a farction and some distension of 1.5 m 
1 and of the small intestine as far as the 
so In distal part of the ileum. Move prox- 
Veral imallvy. the intestine was also dis- 
f the tended but otherwise normal. Pro- 
| lev- nounced stasis of the mesenteric 
<edly veins corresponding to the area of 
cen- infarction, indicating thrombosis; re- 
men. duced peristalsis in this region. 
ntes- Moderate amount of free fluid in the 
rking abdomen. The abdomen was closed. 
x. 6). Treated with anticoagulants. Recov- 
Six- ered. 
rt o 
rom- Case 19. Man, 51. History of 
mes- thrombosis of the left leg and pulmo- 
al of nary emboli in the lungs; then sub- Fig. 7. Case 18. I'welve hours after falling ill. 
vet acute illness with increasing abdomi- Local distension of the small intestine, chiefly 
ne ma nal pain and vomiting; Weber test of paresis character. 
> pa- positive. Roe nige eramination : 
dav. than 2 days after the appearance of abdominal signs (680/28): No gas in the small in- 


. the testine but small amount in the colon. Barium orally: The lumen of the bowel near 
the duodenojejunal flexure was narrow 


wr and with normal pattern absent; probable 
part edema. Not operated upon. Recovered. 
also 
peri- Case 20. Man, 55. Acute illness. 
ared Roentgen examination 12 hours after onset 
(2995/40): Small collection of gas in the 
stomach with a small amount in the colon. 
ear- A few moderately distended, gas-conducting 
the loops of the small intestine to the left in the 
un- upper part of the abdomen, markedly arched 
vels. and with fluid levels at different heights in 
‘um. the two limbs of the same loop. Farther 
ex- down in the abdomen one short, gas-con- 
and ducting but not manifestly distended loop 
Fig. 8. Case 20. Horizontal beam direc- of the small intestine. Conclusions: Small 
: tion. Liquid levels of different height in intestine probably working against an ob- 
on the shanks. Locally distended small in- — stacle (Fig. 8). Barium orally: One long, 
49): testine with increased motility. distended loop of the small intestine filled 


20 —553088. Acta Radiologica, Vol, 44. 


| 


302 INGEMAR HESSEN 


slowly and within which no edema was visible. Operation the same day: Distal to the 
duodenojejunal flexure, 2 m of the small intestine reddened and somewhat distended. 
Peristalsis retained. Corresponding mesenterium strongly edematous with ecchymoses 
indicating venous thrombosis. No resection of the intestine made. Recovered. _ 


A compilation of the relationships between the nature of the obtura- 
tion, the duration of the clinical signs before roentgen examination of 
the patient, and the extent of the roentgen signs gives the following 
results: 


Emboli case No. l 2 3 1 
Duration of signs...... 12 hrs 3 days 1 hr 5 hrs 24 hrs 15 hrs 31 hrs 
Roentgen signs 0 t 0 (+-) 0 


Emboli with growing 


thrombi, case No. 5 6 7 8 
Duration of signs ...... 2 days 3 days 11 hrs 2 days 
Roentgen signs ........ (+) (+) (+ ) 
Arterial thrombosis, 

ease No. 9 10 1] 12 
Duration of signs ...... 12 hrs 24 hrs 2 days 12 hrs 5 hrs 
Roentgen signs........ 0 0 


Venous thrombosis, 


case No. 13 14 i) 16 17 18 
Duration of signs ...... 2 wks 6 days 8 days 8 days 24 hrs 12 hrs 
Roentgen signs ........ 0 0 0 } (+) 

Other cases, probably 

venous thrombosis, No. 19 20 
Duration of signs ...... 2 days 12 hrs 
Roentgen signs ........ (+) 


Note: 0: Negative roentgen signs 
(+): Uncertain or uncharacteristic roentgen signs 
Positive roentgen signs 


Negative roentgen signs occurred in 5 cases. Gas only in varying 
amounts was found in the stomach and colon. 

Uncharacteristic or uncertain roentgen signs occurred in 6 cases. In 
four of these, apart from varying amounts of gas in the stomach and 
colon, one or two loops of the small intestine were not manifestly dis- 
tended. No fluid levels could be observed in the intestines. In one of 
the cases (No. 8) — as well as in another (No. 19), in which conventional 
roentgenogram gave completely negative results — the investigation was 
supplemented with a barium meal examination. This revealed localized 
contraction of the intestine which also showed a coarse mucosal pattern, 
this being interpreted as being due to edema. (Since, however, this inter- 
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pretation is supported only by single films, it is now impossible to decide 
whether the changes were constant or temporary. However, in Case 8, 
which was operated upon, edema was found in the part of the intestine 
in question.) In one case (No. 2), a small, gas-conducting loop of the small 
intestine with a fluid level was found; a fluid level was also present in 
the caecum. 

Positive roentgen signs occurred in 9 cases. The changes consisted of 
intestinal dilatation caused by a more or less marked obstruction of 
the lumen, either mechanical or paretic in character, accompanied by 
gas and fluid filling of the intestine. The dilatation was, in Case 16, 
situated above the infarct area which apparently constituted an ob- 
struction against which the proximal part of the intestine was working. 
In one case (No. 10) the intestinal distension was mainly situated above 
the infarct area; in this case also, the intestine was working against an 
obstruction; more distally, a rough coarse pattern could be observed 
and this was interpreted as indicating that the intestinal distension 
extended down into the area of infarction. In the other cases of dis- 
tension of the small intestine, this comprised larger or smaller parts of 
the area. In Case 20, the distended part of the intestine appeared to be 
working against an obstruction and the distension was situated in the 
proximal part of the region of infarction. In Case 11, the nature of the 
dilatation could not be definitely ascertained. Case 3 showed a locally 
dilated small intestine which, however, lacked fluid levels, and in Cases 
4 and 18 local paresis of the small intestine was present. Case 12 had 
local paresis of the colon, and, finally, Case 1 general paresis. 

In some of the cases the stomach was markedly dilated by gas. No 
far-reaching conclusions can, however, be made from such a sign since, 
of course, the amount of gas in the stomach may easily be increased 
by the swallowing of air or diminished by eructation. In Case 4, however, 
pronounced paresis of the stomach was present. 


Discussion 


The difficulty of making a roentgen diagnosis of mesenteric vascular 
occlusion is strikingly demonstrated by the cases reported. As pointed 
out, the patho-anatomic development admits variations in the symptom- 
atology, depending on the situation, degree and character of the oc- 
clusion. The importance of the latter factor has not been possible to 
assess, due to the limited material. The lengthiest cases have, however, 
as might have been expected, been those of venous thrombosis. 

The difficulty is further emphasized by the irregular and often lengthy 
interval between the times the patient falls ill and the roentgenologic 
signs appear, and by the fact that serious intestinal changes, not ap- 
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parent in conventional films of the abdomen, may be present (as jy 
Cases 13 and 15). 

The signs of a mechanical, paretic or paralytic retardation of the 
intestinal passage naturally offer many possibilities from the point of 
view of the differential diagnosis. If increased intestinal motility is found 
above an area of infarction, such a case cannot be differentiated from 
a mechanical ileus unless one is able to supplement the investigation 
with an examination by means of barium administered by mouth. If 
the area of infarction is situated in the colon, the case may be confused 
with cardiac circulatory insufficiency, for in such cases a meteoristir 
colon with fluid levels, particularly in the caecal region, is often found. 
Such roentgen appearances may also be caused by inflammatory proc- 
esses in the right side of the abdomen, among which the most important 
is acute appendicitis. The possibility of mechanical colonic obstruction 
should, of course, also be considered. Generally speaking, it would not 
seem possible to make a diagnosis solely on roentgenologic grounds in 
cases of infarction of the colon. 

The only change which may be considered typical of vascular mesenteric 
occlusion is local paresis of the small intestine. From the point of view 
of differential diagnosis, one need in such a case probably think only 
of acute jejunitis, in which a similar paresis of the small intestine may 
be present. 

The possibilities of making a definite roentgenologic diagnosis are 
thus limited in this condition. The state of the patient rarely admits 
the lengthy process that an examination with barium orally constitutes, 
although such an investigation may well be of decisive importance. 

It should, however, be added that a discrepancy between clinical 
signs which indicate a serious, acute abdominal condition and negative 
or uncharacteristic roentgen signs ought to arouse a suspicion of vascular 
mesenteric occlusion. 


SUMMARY 


The roentgen examination of 20 cases of vascular mesenteric occlusion are reported, 
mostly with the findings at operation and autopsy. In most cases no changes, or only 
uncharacteristic changes could be demonstrated roentgenologically in spite of the serious 
intestinal condition existing. In 9 cases the bowel was dilated. The time that roentgen 
signs appeared varied greatly in relation to the time when the patient fell ill. No direct 
relationship between the duration of the clinical signs and the extent of the roentgen 
signs could be found. 

In cases of infarction of the colon it would not be possible to make a diagnosis solely 
on roentgenologic grounds. The only change which may be considered typical of vascular 
mesenteric occlusion is local paresis of the small intestine. 
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ZUSAMMENFASSUNG 


Die Réntgenuntersuchung von 20 Fallen mit Verschluss der Mesenterialgefisse, 
meistens zusammen mit den Befunden bei der Operation und bei der Sektion, wird be- 
richtet. In den meisten Fiillen konnten trotz ernsthaftem Darmzustande réntgenologisch 
keine oder nur uncharakteristische Veranderungen dargestellt werden. In 9 Fallen war 
der Darm erweitert. Der Zeitpunkt, an dem Réntgensymptome auftraten, schwankte in 
Bezug auf den Zeitpunkt, an dem der Patient erkrankte, betrichtlich. Es konnte keine 
direkte Beziehung zwischen der Dauer der klinischen Symptome und der Gréssenordnung 
der réntgenologischen Befunde ermittelt werden. 

In Fallen mit Infarzierung des Dickdarmes ist es nicht méglich, die Diagnose aus- 
schliesslich réntgenologisch zu stellen. Die einzige Veranderung, welche als typisch fiir 
einen Verschluss der Mesenterialgefiisse anzusehen ist, besteht in einer értlichen Parese 
des Diinndarmes. 

RESUME 

L’auteur rapporte les eXamens radiologiques de 20 cas d’occlusion vasculaire du 
mésentére, la plupart avec les constatations opératoires ou autopsiques. Dans la plu- 
part des cas la radiologie n'a montré aucune modification, ou que des modifications 
non caractéristiques, malgré la gravité de l'état intestinal. Dans 9 cas lintestin était 
dilaté. L’intervalle entre le début de la maladie et lapparition des signes radiologiques 
sest montré trés variable. On n'a pu établir aucune relation directe entre la durée de 
lévolution clinique et létendue des signes radiologiques. 

Dans les cas d’infarctus du colon, il n’aurait pas été possible de baser le diagnostic 
uniquement sur des signes radiologiques. Le seul signe qui peut étre considéré comme 
typique de occlusion vasculaire du mésenteére est la pareésie localisée de lintestin gréle. 
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FROM THE INSTITUTE OF GENERAL AND EXPERIMENTAL PATHOLOGY (DIRECTOR: 
PROF. LEIV KREYBERG), UNIVERSITY OF OSLO, NORWAY 


THE PROTECTIVE EFFECT OF CYSTEAMINE 
AGAINST ROENTGEN RAY INJURY ON EARS OF 
RABBITS IRRADIATED UNDER CONDITIONS 
OF COMPLETE ANOXIA 


by 


Francis Lothe and Finn Devik 


Many hypotheses have been suggested to explain the wellknown pro- 
tective effect of sulfhydryl compounds against various forms of roentgen 
ray damage. This has been attributed to capture of radicals or oxidants 
formed during irradiation, reduction of the amount of oxygen available 
and hence the yield of certain of the oxidants, and protection or reactiva- 
tion of sulfhydryl enzymes (Parr 1953). Protection by energy transfer 
(ALEXANDER and CHARLESBY 1954) and stimulation of regenerative 
mechanisms (CRONKITE et coll. 1951, Bacg et coll. 1953) have also been 
discussed. Some hypotheses thus suggest an association between the 
action of SH-compounds and the concentration of oxygen. One may 
attempt to clarify this question by observing whether or not these com- 
pounds have any protective effect when irradiation is carried out under 
conditions characterised by a complete lack of oxygen. 

HOLLAENDER et coll. (1951) found that sulfhydryl compounds gave 
some protection to bacteria in an oxygen-free phosphate buffer. Lrradia- 
tion experiments on root tips of Allium cepa under conditions of anoxia 
(ForssBERG and NyBom 1953) suggested at most a slight additive effect 
produced by cysteine. 

Parr et coll. (1952), irradiating suspensions of rabbit thymic cells, 
found that removal of oxygen and presence of cysteine were not additive. 


Submitted for publication, 23 February 1955. 
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In mammals, this type 
of experiment may be car- 
ried out on part of an ani- 
mal. Total anoxia of a 
whole animal seems im- 
possible to achieve with- 
out causing its death, ex- 
cept in certain circum- 
stances — as in newborn 
mice (LACASSAGNE 1942). 
On a suggestion by KreEy- 
BERG, the ears of rabbits 
were used in the present 
experiments, the object 
of which was to investi- 
gate whether cysteamine 
has any protective effect 
against roentgen ray dam- 
age in a mammalian tissue 
irradiated under condi- 
tions of complete anoxia. 

NATVIG (1936) has shown that the effect of sympathectomy on the 
skin reaction after irradiation may be clearly demonstrated in rabbits’ 
ears. This has the great advantage that both the control and test object 
may belong to the same animal, and the biologic variations between 
individuals is thus eliminated. 


Fig. 1. Left ear of a rabbit fastened to the earholder 
on the roentgen tube. The right ear is drawn aside to 
give a better view. 


Material and Methods 


Twenty-four male and female albino rabbits, eleven months old, and weighing from 
1.5 to 2.5 kg, were used in the experiments. The rabbit, which was not anaesthetized, 
was wrapped in a towel and placed in a wooden cradle. The ears were tilted forwards 
and fastened with Scotch tape over the ear rest on the roentgen tube (Fig. 1). A Philips 
Metalix unit for roentgen therapy with soft rays, operating at 50 kV and 2 mA, was 
employed for the irradiation. No filter was used and the HVL was 0.30 mm Al. 

The essential part of the ear rest consisted of four wires forming part of the surface 
of a sphere, the radius of which was 40 mm and the centre the 2 mm* cathode of the 
roentgen tube. The arrangement ensured an equal focus—skin distance for both ears, 
which were irradiated simultaneously, the concave inner surface facing the roentgen tube. 
At the surface of the sphere a dose-rate of approximately 1,400 r/min. was measured. This 
high dose-rate permitted large doses to be given in a relatively short time. The irradiated 
area consisted of a semicircle of 2 em radius, 2 cm from the tip and adjoining the medial 
margin of the ear. In each rabbit, one ear was used as the test object and the other as a 
control. The sides of test and control ears were interchanged in alternate animals. Single 
doses of approximately 5,000 r (irradiated for 3 min. 40 sec.), 8,000 r (5 min. 40 sec.), 
and 12,000 r (8 min. 40 sec.), were administered. 
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Fig, 2. Fig. 3. 


Fig. 2. Areas of epilation in rabbit No. 2 119 days after 12,000 r. Note the ear strips 
with normal growth of hair due to protection by the wires of the ear-holder. 
Fig. 3. Epilation on rabbit No. 5 118 days after 5,000 r. 


Anoxia during irradiation was achieved by perfusing the ears with an oxygen-free 
solution in an atmosphere of nitrogen. The perfusion fluid consisted of a modified Ringer's 
solution mixed with an equal volume of Dextran. The Ringer's solution was made up 
to a formula given by PaGe and GREEN (1948) excepting that glucose was omitted. 
A small amount of Evan’s blue (T 1824) was added in order to observe more easily the 
perfusion fluid in the blood vessels of the ears. By alternatively passing nitrogen through 
the fluid and evacuating the gas with a water suction pump in a closed circuit, the solution 
was rendered almost oxygen-free. The nitrogen had first been passed through three 
bottles of an alkaline solution of pyrogallol to remove the oxygen stated to be present 
in a concentration of 0.6 to 0.8 %, in the commercial cylinder used. If one estimates the 
remaining oxygen in the nitrogen to be of the order of 0.1 °% or less, the remaining oxygen 
dissolved in the fluid at 22° C (room temperature) would be approximately 4 « 10° 
mg/100 g or less. 


The first step in the perfusion was to tie a rubber band firmly around the base of 
each ear in order to arrest the circulation. A ‘No. 14° needle was connected via a polythene 
tube to a 20 ml syringe containing the fluid at room temperature. The needle was then 
introduced from the posterior aspect into the lateral vein near the base of the ear. An 
exit was made by cutting through the medial vein near the base of the ear and fluid was 
run through by gentle pressure on the plunger for 4 to 8 minutes at the rate of 1 to 2 ml 
per minute. To exclude diffusion of oxygen through the skin, a thin rubber condom was 
pulled over each ear prior to perfusion and nitrogen passed through the condoms until the 
end of the irradiation. For the present purpose, the ears were then considered completely 
anoxic. Irradiation was carried out-immediately after the perfusion. The ears were care- 
fully inspected after irradiation to ensure that no blood had flowed in. The blood circula- 
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tion was rapidly restored in all cases upon release of the constriction, a transient hyper- 
emia being observed. 

Cysteamine was administered by adding it to the one syringe immediately prior to 
perfusion. The concentrations aimed at were 30 and 100 mg per cent. Following prelim- 
inary perfusion with fluid containing 100 mg per cent cysteamine without subsequent 
irradiation, no special reaction or harmful effect could be detected. 

The protective effect of cysteamine against roentgen ray damage in the presence of 
oxygen was also tested. For this purpose the ears were perfused with human blood, which 
appeared to cause no special reaction. 

The rabbits remained calm during the whole procedure. 


Results and discussion 


The local reaction on the ears upon roentgen irradiation conformed 
to a uniform pattern, which varied somewhat with the dose. After a 
latent period of 16 to 35 days, erythema, epilation, edema, and usually 
exudation and crust formation, appeared. In three ears which had received 
12,000 r, necrosis also developed. The reaction was most pronounced from 
30 to 50 days after irradiation; thereupon it gradually subsided, although 
epilation and atrophic changes of the skin Temained almost unc changed 
for at least 6 months after exposure. In some ears, an area of brownish 
pigmentation best seen by transillumination, remained. Although there 
was a distinct difference between the effect of 5,000 r and 12,000 r, it 
was not as great as one might have expected. 

Ejfect of anoxia. In the first six rabbits, one ear was perfused with 
the oxygen-free fluid at room temperature (22° C) prior to irradiation, the 
other ear receiving no pretreatment and being used as a control. Two 
rabbits were given 5,000, two 8,000, and two 12,000 r, both ears of each 
rabbit being irradiated simultaneously. The results are shown in Table I. 
As the fluid itself did not contain any substances known to protect against 
irradiation damage, e. g. glucose, it was assumed that the lack of oxygen 
was responsible for the protective effect observed. 

The effect of cysteamine in the presence of oxygen. In rabbits Nos. 19 
to 24 the ears were perfused throughout the irradiation with citrated and 
oxygenated human blood, cysteamine having been added to the blood of 
one ear in a concentration of 100 mg per cent. As in the previous case, 
two rabbits received 5,000 r, two 8,000 r and two 12,000 r. The results are 
shown in Table I and suggest that cysteamine has a protective effect 
against roentgen damage to the oxygenated rabbit ear. 

Ejject of complete anoxia plus cysteamine. In the main experiment, 
twelve animals were used, numbered from 7 to 18. Both the ears were 
perfused with the oxygen-free fluid, the fluid for one ear containing 
cysteamine. In six rabbits, a concentration of 100 mg per cent cysteamine 
was used, the other six receiving 30 mg per cent. Pairs of animals from 
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each series were given 5,000 r, 8,000 r, and 12,000 r. The results are shown 
in Table 1. In rabbit No. 8 the control ear hung down limply after irradia- 
tion, probably due to trauma from the constriction; the ear became edem- 
atous and the veins congested. This condition lasted for nearly one 
week, after which time the ear returned to its normal appearance. The 
acute roentgen reaction was less severe in the test ear than in the control 
ear, but after six months necrosis developed in the irradiated part of the 
test ear, whereas that of the control ear showed a moderate atrophy only, 
apart from epilation. The abnormal vascular conditions in the left ear 
of rabbit No. 8 may have altered the roentgen reaction; this point is 
not, however, discussed in the present paper. The animal should perhaps 
be omitted from the series, but the result is included in the figures of 
Table I. 
Table I 

The relative time of appearance, severity of reaction, and relative final damage, after roentgen 
irradiation of rabbits’ ears, one ear of each rabbit being used as control and the other as test 
object. The protective effect of cysteamine, anoxia, and the combination of both, were studied. 


Anoxia Anoxia + cysteamine Cysteamine 
one ear anoxic, both ears anoxic, oxygenated blood 
the other ear one ear also treated to both ears, 
with intact with cysteamine cysteamine to 
circulation one ear 

Erythema or epilation first 

visible on: 

Mazimal acute skin reaction 

most pronounced on: 

test ear... er 

6 6 6 

Late effects most pronounced on: 

9 3 


The findings suggest that the combination of anoxia and cysteamine 
may be slightly more effective than anoxia alone. 

The technique employed in these experiments has disadvantages as 
well as advantages. Among the former may be mentioned the difficulty 
of expressing the reaction in the rabbit’s ears quantitatively and the fact 
that the method is not very sensitive. On the other hand, the experi- 
mental conditions may easily be varied almost completely without 
interfering with factors from the rest of the animal organism. Further- 
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more, the same animal provides both a test object and a control. When 
in the present experiments a difference in the effect of radiation on 
test and control ears was observed, no qualitative difference was apparent, 
|e. the smaller effect was similar to a reaction caused by a smaller dose 
of radiation. 

Under the present experimental conditions, ischemia is shown to 
protect : against roentgen irradiation damage, which is in accordance with 
the findings © ScHwArz (1909) and Morrram (1924). It is reasonable to 
assume that this effect is due to the lack of oxygen. The experiments 
also show that the presence of cysteamine locally protects against local 
irradiation, which corresponds in principle to the results of FoRSSBERG 
(1950) with cysteine in guinea pigs. 

In the main tests, where the protective effect of cysteamine and 
anoxia combined were compared with that of anoxia alone, the results 
are less clear, though the combination of cysteamine plus anoxia appears 
slightly more effective. If this be correct it seems to point to cysteamine 
and anoxia, at least to some degree, acting along different paths i in the 
radiobiologic process. 

As in other experiments with chemical methods of protection, the 
protection was in no case complete. HOLLAENDER and STAPLETON (1953) 
suggest that this ‘residual’ damage is due to direct radiation effects 
on important molecules of the cells, “the protective agents mainly reducing 
the radiation damage caused indirectly, e. g. via ac tivated molecules and 
radicals, such as H. OH, and HO,. If complete anoxia, or a maximum 
effect of a chemical compound eliminates most of this latter damage, one 
would not necessarily expect the addition of a second compound to have 
a definite or even a significant effect, even were its mode of action 
different from that of the former. To study the mechanism of protection 
in more detail one therefore probably has to apply radiochemical 
methods. 
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SUMMARY 


In experiments with roentgen irradiation of rabbits’ ears temporarily isolated from 
the rest of the animal, it was shown that conditions of complete anoxia and the presence 
of cysteamine during exposure had a protective effect against damage. Cysteamine 
seemed to give some slight additional protection when administered to ears irradiated in 
the anoxic state, indicating that cysteamine and anoxia to some degree act along differ- 
ent paths in the radiobiologic process. 
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ZUSAMMENFASSUNG 

Experimentelle Réntgenbestrahlung von Kaninchenohren, die voriibergehend vom 
iibrigen Tierkérper isoliert waren, zeigten, dass die Verhiiltnisse bei der kompletten 
Anoxie und das Vorhandensein von Zysteamin wihrend der Exponierung eine Schutz- 
wirkung gegen Strahlenschidigungen hatten. Zysteamin scheint einen gewissen zusiitz- 
lichen Schutz zu geben, wenn es Ohren zugefiihrt wird, welche im anoxischen Zu- 
stand bestrahlt werden. Dieses deutet an, dass das Zysteamin und die Anoxie in ge- 
wisser Beziehung auf verschiedenen Wegen in den radiobiologischen Prozess eingreifen, 


RESUME 
Des expériences d irradiation par les rayons roentgen doreilles de lapins tempo- 
rairement isolées du reste de Tanimal ont montré que lanoxie compléte et la pré- 
sence de cystéamine pendant exposition ont des effets radioprotecteurs. La cystéamine 
semble apporter une légére protection supplémentaire quand elle est administrée i des 
oreilles irradi¢es en état d’anoxie, ce qui indique que, dans une certaine mesure, la cystéa- 
mine et lanoxie agissent par des voies différentes sur les processus radiobiologiques. 
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- UPTAKE OF RADIOSULPHATE IN DIFFERENT 

ORGANS AFTER TOTAL BODY IRRADIATION 

to bv 

Erik OGdeblad and Donato Ziliotto 

: Following total body irradiation in the lethal dose range, certain 

“ symptoms and signs indicative of damage to the intestine, ovary, and 
skin, occur. Since radioactive sulphate is known to accumulate to a 

h fairly high degree in these organs (BostR6M and ODEBLAD 1952, 1954, Bo- 

sTROM, ODEBLAD and FRIBERG 1953), we considered it of some interest 

: to observe by means of autoradiography the uptake of radioactive 
sulphate in these organs in irradiated and non-irradiated animals. We 

i also decided to study the uptake in the trachea and kidney, the radio- 
sulphate uptake in which is fairly well known from earlier autoradio- 

| graphic investigations (BostR6M, ODEBLAD and FRIBERG 1952, Nor- 


HAGEN and ODEBLAD 1955). 


Experimental 


Thirty-two rats and ten mice were used in the present investigations. 
The rats were divided into four equal groups, of which one constituted 
a control which did not receive any roentgen irradiation and three 
experimental groups which received 300, 600, 1,200 r, respectively. The 
mice were divided into two equal groups, one being a control and the 
other an experimental group which received 600 r. The roentgen factors 
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were 165 kV, total body irradiation, fil- 
tered through 0.5 mm Cu and 1 mm Al. 
The dose rate was about 44 r/min. 

Thirty minutes after the irradiation 
was completed the animals were injected 
subcutaneously with 10 «C/g of 8*-labelled, 
carrier-free sodium sulphate. They were 
killed 48 hours later. Parts of the intestine, 
trachea, dorsal skin, ovaries, and kidneys, 
were removed and fixed in pure methanol, 
embedded in paraffin and cut in 4 # sec- 
tions. These were mounted on methacrylate 
slides, deparaffinized and exposed on Agfa 
Fig. 1. Autoradiographs of an Printon R film for 45 days and Gevaert 
ovary of a control rat (left) and = Dentus Rapid film for 10 days. Develop- 
ment was carried out in Kodak D19 de- 
tien (right). No difference in re- veloper for 10 minutes at + 18° C. The 
diosulphate concentration in the Sections were stained with haemalum-eosin. 
Graaffian follicles is evident. The 


ovaries of the irradiated animal Results 
appear decreased in size. The 
white parts indicate radioactivity The results are collected in Table I 


Magn. x 7). 
(age. x 9 and exemplified in Fig. 1. As indicated 


by these results no obvious differences 
occurred between non-irradiated controls and irradiated animals. A 
strictly quantitative interpretation was omitted because of the diffi- 
culties in controlling the microgeometric relationships during the ex- 
posure (ODEBLAD 1952), certain morphologic irradiation effects having 
occurred. 


Discussion 


The amounts of radiosulphate recorded are, in the main, a result of two 
processes: the incorporation of radiosulphate available in the blood and, 
later, the exchange with unlabelled sulphate. If both of these processes 
were changed comparatively by irradiation, the effect would be un- 
observable in the present experiments. Such an ‘accidental’ cancella- 
tion of effects, seems, however, less likely than the assumption that 
the irradiation given was without appreciable effect on sulphate metab- 
olism as far as it is reflected in our experiments. 

The present investigation does not exclude the possibility of the 
occurrence of obvious autoradiographic changes at a longer period after 
irradiation, when extensive morphologic changes in many organs are 
evident. 
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Table I 


Uptake of S®*®* in different organs in various experimental groups of animals 


Species: Rat Mouse 

Roentgen ray dose, r: 0 300 600 1,200 0 600 
Skin: 
2 3 3 3 3 3 
Connective tissue .......... 2 2 l 2 2 l 
Trachea: 
2 l 2 l 2 2 
Intestine: 
Mucus droplets ............ 4 4 { 
] l l l ] l 
Ovary: 
Corpus luteum ............ 2 l 2 l l I 
Emterstat. ... l l l 
Kidney: 
2 2 3 2 2 2 

Amounts of S*: 1 = small, 2 = moderate, 3 = large, 4 = very large. There is 


approximately a factor of two between these notations: ‘moderate’ amounts are double 
the ‘small’ amounts, etc. 
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SUMMARY 


Total body roentgen irradiation in the lethal dose range of rats and mice did not 
appreciably change the uptake of radiosulphate within two days after irradiation in 
the intestine, trachea, skin, ovary, and kidney, as revealed autoradiographically. 


ZUSAMMENFASSUNG 


Die Beeinflussung des Schwefelumsatzes nach Totalbestrahlung mit lethalen Rént- 
gendosen ist an Ratten und Mausen untersucht worden. Innerhalb von 2 Tagen nach der 
Sestrahlung konnte mit Hilfe von Autoradiographien im Diinndarm, in der Trachea, in 
der Haut, in den Ovarien sowie in den Nieren kein merkbarer Unterschied zwischen 
bestrahlten und unbestrahlten Tieren gefunden werden. 
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RESUME 


Les auteurs ont étudié sur des rats et des souris leffet de Virradiation de tout Je 
corps par les rayons roentgen a dose léthale sur la fixation de sulfate radioactif. Les 
autoradiographies de différents organes (intestin, peau, trachée, ovaire, rein) ont montré 
une fixation du sulfate radioactif comparable chez les animaux non irradiés et irradiés, 
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FROM THE GYNECOLOGIC DEPARTMENT (DIRECTOR: THOR DAHLE), THE NORWEGIAN 
RADIUM HOSPITAL, OSLO, NORWAY 


HODGKIN'S DISEASE AND PREGNANCY 
by 


Fr. Blom Hartvigqsen 


Pregnancy in women suffering from malignant tumours presents 
difficult problems and, on the whole, is undesirable. 

It is agreed that pregnancy makes the prognosis of carcinoma mammae 
worse, especially in women who are pregnant when the tumour is de- 
tected. This is emphasized by, among others, BULL ENGELSTAD, in his 
compilation of the therapeutic results of carcinoma mammae at The 
Norwegian Radium Hospital (N. R.H.). There is less agreement as 
regards other forms of cancer. Some investigators have tried to elucidate 
the problem by means of animal experiments. Most of the results con- 
cerning carcinoma mammae seem to be the same as the observations 
made in women. For some other types of cancer the animal experiments 
have revealed exactly the opposite, i. e., regression of the tumour during 
pregnancy. HOMBURGER and TREGIER arrived at this conclusion with 
Sarcoma 180 implanted in albino Swiss mice. The results of such investi- 
gations cannot be applied directly as a proof of the fate of malignant 
tumours in human subjects. They do, however, represent interesting 
observations which show that the situation is neither simple nor uni- 
form. 

Against this background the discussion as to the influence of pregnancy 
on the course of the disease in women suffering from Hodgkin's disease 
is readily understandable. The disease is usually considered as neoplastic. 
It occurs in all age groups, but is rare in childhood and old age. Hodg- 
kin’s disease presents a complex pathologic picture and is classified 
in three groups by Jackson and PARKER: Hodgkin’s paragranuloma, 
granuloma, and sarcoma. Microscopically they all share the common 


Submitted for publication, 8 February 1955. 


z1 553088. Acta Radiologica. Vol. 44. 


t le 
Les 
itre 
iés, 
} 
um 
dy | 
38 
10- 
ult 
he 


318 FR. BLOM HARTVIGSEN 


feature that Dorothy Reed-Sternbergian giant cells and a more or less 
pronounced eosinophilia are present in lymphoid tissue. Pleomorphism 
is otherwise the most outstanding characteristic. With paragranulomata 
the structure of the lymphoid tissue is reasonably intact and giant cells 
are rare. In cases of granuloma the destruction of the tissue is more pro- 
nounced, especially in the spleen. When sarcoma is present the mi- 
croscopic picture Is more uniformly neoplastic than in the other two 
forms. 

The course of the disease corresponds to the microscopic picture and is 
increasingly malignant from the relatively benign paragranuloma to the 
extremely malignant sarcoma. During the course of the disease a transi- 
tion is sometimes observed from a more benign to a more malignant 
form, but never the reverse. Paragranuloma may remain localized to 
one or a few glands, and the patient may even be cured if these glands 
are removed radically and or treated with adequate doses of roentgen 
irradiation. The condition may have a very protracted course. The two 
other forms are always fatal. Granuloma may progress rapidly or be 
protracted for more than ten years: there is no typical course. A sarcoma 
is always fatal within a short time, behaving as a very malignant tumour. 

In discussing the influence of pregnancy on the course of the disease 
it is important to define which form is involved. A benign course of the 
paragranulomatous form and malignant progression of the sarcomatous 
form are to be expected with equal probability. The progress of granulo- 
mata, however, may at times be more benign, at others more malignant, 
possibly under the influence of certain physiologic stresses such as preg- 
nancy. As many of the published case reports do not state which of the 
microscopic forms was involved, the observations are evaluated necessar ily 
with some difficulty. 

The cases [ have compiled from N. R. H. have all been re-examined 
by the staff pathologists. With one exception all are granulomata. One is 
possibly a transition to sarcoma and will be discussed in more detail in 
the case reports. 

There has been some discussion in Scandinavia as to the influence of 
pregnancy on the course of Hodgkin's disease. HULTBERG in particular 
has dealt extensively with the problem. He has given an excellent review 
of the patients from Radiumhemmet who have been pregnant after devel- 
oping the disease. He has also examined the available literature on the 
subject and rendered detailed account of what it reveals. On the basis of 
his own material and cases from the literature he has reached the con- 
clusion that abortus provocatus is rarely indicated in these cases. As 
SELVAAG, whose reasoning, however, is founded only on a single case, has 
arrived at a different opinion, we felt it might be useful to examine our 


material at N. R. H. 
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During the period 1932-— 1952 a total of 111 patients have been treated 
at N. R. H. for Hodgkin’s disease. Of these, 49 were women, 34 being 
between the ages of 15 and 45 when the diagnosis was made. Fifteen 
(15) of the 34 were unmarried and have not married since. According to 
their own statement, none of them has been pregnant. Of the 19 married 
women, 15 have been pregnant before or during the disease and only four 
have not. Kight (8) of the 15 have been pregnant either when the disease 
was detected or later. Thus the fertility of these patients seems to be 
high. 

Before discussing the fate of these patients the usual course of the disease 
should be considered. Life expectancy is longer for women than for men. 
A comparison can therefore be made only with the statistics for women. 
EBSTEIN states that the average survival time is 3.4 years for women and 
2.3 years for men. He also says that 92 per cent of women between 30 
and 50 years of age live for three years or more after the disease has been 
diagnosed. I have tried to obtain a basis for comparison by examining the 
fate of the 26 female patients between 16 and 45 years of age in the 
XN. R. H. material who have not been pregnant after the disease was di: ag- 
nosed. Of these, 18 died after an average of 5 years and 2"), months. 
The others are alive from | to 12 years after the diagnosis was made. 
Among the 18 who are dead, none died earlier than 1 year and 5 months 
after diagnosis, and only two within 2’. years, while 7 succumbed 
within three years after diagnosis. Judging from these patients, it would 
seem that the possibility of survival for 2?/. years is fairly good. This may 
afford some basis for evaluating the possible influence of pregnancy on 
the course of the disease in the eight patients who were pregnant when 
the disease was diagnosed, or later. | have divided them into two groups: 

|. Hodgkin's disease diagnosed during pregnancy 

2. Hodgkin's disease diagnosed before pregnancy 

Hodgkin's disease diagnosed during preqnancy. This group includes 


three patients who will be described individually and are also included in 


Table I. 
Table I 


Hodgkin's disease diagnosed during preqnancy 


Preg- Course of disease during 
Case Age Para nancy Partus Fate 
month Pregnancy  Puerperium 


1 27 J 7 Progression Progression Much pain Mors after 8 months 
2 25 Il 5 Progression Progression Normal Mors after 10 months 
3 23 Il 5 Progression Progression Normal Alive with progression after 


2 years 4 months 
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Case I, P. C. P. No. 2605/49. Age 27. 1 para. Hodgkin's disease diagnosed in 
seventh month of pregnancy. Full term delivery of live healthy infant. Progression of 
disease during pregnancy and puerperium. Treated with mustard gas after delivery with 
a short period of improvement. Died 6 months post partum. 


Case 2. 8. G. No. 1003/33. Age 25. IL para. Hodgkin's disease diagnosed during 
fifth month of pregnancy. Full term delivery of live healthy infant. Progression of disease 
during pregnancy and puerperium. General roentgen treatment after delivery with no 
improvement. Died 6 months post partum. 


Case 3. A. O. No. 80/52. Age 23. Il para. Hodgkin's disease diagnosed in fifth 
month of pregnancy. Roentgen treatment during pregnancy for gland in neck. Full 
term delivery of live healthy infant. Progression of disease during pregnancy and partie- 
ularly one month after delivery. Roentgen therapy to new sites of disease. Temporary 
periodic improvement. Alive 2 years and 4 months after partus with further progression 
of the disease. 


These three cases are not encouraging. It would seem that Hodgkin's 
disease which manifests itself during pregnancy has a particularly ma- 
lignant course. HULTBERG has one case in which the disease was diagnosed 
during pregnancy. This patient is still alive and in good health 15 years 
after the diagnosis of Hodgkin’s disease. In the literature, however, he 
finds that BicHEL, GILBERT, and others, state that the prognosis is poorer 
for those patients in whom the disease becomes manifest during preg- 
nancy than for those who become pregnant during a quiet phase of the 
disease. 


2. Hodgh disease diagnosed be/ore prequancy. This group includes 
five patients, who will be described individually, and who are also pre- 
sented in Table U1. 

Table II 


Hodgkin's dise ase diagnosed he lore last preqnuancy 


Age Course of disease during 
Case Piagn Para Partus Fate 
Partus Pregnancy Puerperium 
of dis. A 
} ?1 27 I Progression Quiescent Normal Mors after 7 years 1 month 
D on 29 1 Quiescent do. Normal Mors after 10 years 6 months 
» 
= 31 do. do. Normal from tuberculosis 
6 30 \b. prov. do. do. Alive with quiescent disease 
— 34 Ab. prov. do. do. after 10 years 
7 30 35 I do. do. Normal \live with progression after 
8 years 
a) 17 19 I do. do. Normal Alive with quiescent disease 


after 3 years 


l in 
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Case 4. 1. H. No. 988/44. Hodgkin’s disease diagnosed when she was 21. First 
pregnancy and delivery at the age of 27. At beginning of pregnancy palpable tumour in 
neck. Full-term delivery of live healthy infant. Progression of disease in various situations 
during pregnancy. Roentgen treatment locally which she tolerated very well. No progres- 
sion during puerperium. New progression 3 months post partum. Further local roentgen 
therapy produced no response. Died one year post partum, 7 years and | month after 
diagnosis of Hodgkin's disease. 

Microscopically there was probable transition to sarcoma, so that the prognosis under 
any circumstances was bad. 


Case 5. R. R. No. 831/39. Hodgkin’s disease diagnosed when she was 25. Sub- 
sequently two deliveries of live healthy children. Para 1, 29 years old. Para II, 31 years 
old. No progression of Hodgkin's disease during either of these pregnancies or puerperiums. 
Died of pulmonary tuberculosis 4 years after last partus, 10 years and 6 months after 
diagnosis of Hodgkin's disease. 


Case 6. G. O. No. 1456/44. Hodgkin's disease diagnosed when she was 26. Became 
pregnant when 30 and 34 years old, respectively. In spite of the fact that the disease was 
not in an active phase, both pregnancies were interrupted because of it. No progression of 
the disease after the abortions. Alive with Hodgkin's disease in inactive phase 10 years 
after diagnosis, 3 years after last abortus provocatus. 


Case 7. L.T. J. No. 2181/48. Hodgkin's disease diagnosed when she was 30 years 
old. Gave birth to first child when she was 35. Full-term delivery of live healthy infant. 
No progression of the disease during pregnancy or puerperium. One year later intraspinal 
focus appeared; operated upon with good result. Alive 31), vears after partus, 8 years 
after diagnosis of Hodgkin’s disease. 


Case &. A. A. B. No. 324/52. Hodgkin’s disease diagnosed when she was 17. 
Gave birth to healthy infant when she was 19. No progression of disease during pregnancy 
or puerperium. Alive with Hodgkin’s disease in inactive phase one year after partus, 


3 vears after diagnosis. 


Discussion 


The course of the disease in these last five patients was much more 
favourable than for the three in the first group. Only one of them became 
pregnant while the disease was in an active phase, she being the only 
one who showed progression shortly after delivery. However, the micro- 
scopic picture in a biopsy froma gland tumour of the neck showed a possible 
transition to sarcoma when she became pregnant. Under these circumstan- 
ces the disease would probably have progressed just as rapidly even 
without pregnancy. No detrimental influence of pregnancy or puerperium 
can be detected in the other patients. No unfavourable effect was observed 
in one patient in whom pregnancy was interrupted twice. 

It has been suggested that puerperium has an unfavourable effect on 
Hodgkin’s disease. I have made an attempt to determine whether our 
material throws any light on this problem. 
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Seven patients have been pregnant before Hodgkin's disease was 
diagnosed and not subsequently. These cases are presented in Table ITI. 
In three patients the disease was recognized from 6 to 8 months after 
delivery. [It must be assumed that they already suffered from the disease 
during puerperium and possibly also during pregnancy. It appears that 
the progress of the disease was no more malignant in these cases than in 
patients who had never given birth. 

We have incomplete information as to breast feeding and the con- 
dition of the mother during this period. However, in several of the case 
records it is stated that the mothers felt exhausted while they were nur- 
sing. As HULTBERG points out, nursing should be allowed only when the 
patients are in good physical condition. 


Table Ll 


Hodgkin's disease diagnosed alte) last pr Guancy 


Age 
Case Para Interval Fate 
Diagnosis Pregnancy 


1 I! 4s 1) 22 1) 26 years Mors after 3 vears 
2) 25 2) 23 
2 II 36 1) 32 1) 4 , Mors after 2 vears 
2) 35 1 
} I 15 Unknown Unknown Mors after 6 years 
| I 23 23 8 months Mors after 3 years 8 months 
rs) I 30 27 3 vears Mors after 2? vears 10 
Abort months 
6 I 29 28 S months Alive with quiescent dis. 


after 6 vears 


7 I 29 28 6 months Alive with quiescent dis. 
after 3 years 7 months 


Conclusion 


Hodgkin's disease which has become manifest during pregnancy has 
had a more malignant course than usual. These few cases, however, do 
not prove that this is the result of pregnancy. 

The patients who became pregnant while they had Hodgkin's disease 
in an inactive phase have not shown a more malignant progress of the 
disease than non-pregnant patients. 

It seems that Hodgkin's disease which begins during puerperium does 
not progress more rapidly than normally. 
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The following conclusions may be drawn as to the indications for 
abortus provocatus and its advisability. 

Ordinarily there are no medical indications for abortus provocatus 2 
patients with Hodgkin's disease. It should, however, be considered 1 
patients who develop the disease during pregnancy and in those an 
become pregnant during an active phase of the disease. In addition to the 
medical arguments it may be stated that in such a serious disease the 
mother’s wishes should be considered. In one of our patients with Hodg- 
kin’s disease In an inactive phase, abortus provocatus was performed 
twice without any harmful effects on the actual disease. 


SUMMARY 


\ material of 111 cases of Hodgkin's disease was analysed for the possible influence 
of pregnancy on the course of the disease. The material included three women in whom 
the disease was diagnosed a short time following the termination of pregnancy, and eight 
women who were pregnant while suffering from the disease. In three of the latter cases. 
the prognosis was less favourable than usually expected. Otherwise, no harmful effect of 
pregnancy was demonstrated. 


ZUSAMMENFASSUNG 


Ein Material von 111 Fallen der Hodgkinschen Krankheit wurde auf den méglichen 
Einfluss der Schwangerschaft auf den Verlauf der Erkrankung untersucht. Das Mate- 
rial enthielt 3 Frauen bei denen die Krankheit kurze Zeit nach der Entbindung diag- 
nostiziert wurde und 8 Frauen die wihrend des Krankheitsverlaufes schwanger waren. 
In drei von den letzten Fallen war die Prognose weniger giinstig als man es gew6hn- 
lich annahm. Bei den anderen Frauen konnte kein schidlicher Einfluss der Schwanger- 
schaft demonstriert werden. 


RESUME 


Une série de 111 cas de maladie de Hodgkin a été analysée pour rechercher un effet 
possible de la grossesse sur l’évolution de la maladie. Cette série comprenait trois femmes 
chez lesquelles la maladie fut diagnostiquée peu de temps apres la fin de leur grossesse, 
et huit femmes qui étaient enceintes alors qu’elles étaient atteintes de cette maladie. 
Dans trois de ces derniéres cas le pronostic fut moins favorable que d’habitude. Aucun 
autre effet nocif de la grossesse ne fut mis en évidence. 
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LONG REMISSIONS IN HODGKIN’S DISEASE 
by 


Jor gen Bichel 


One of our patients who has suffered from Hodgkin’s disease (H. d.) 
since 1937 was recently readmitted with a large, newly developed lymph 
node conglomerate. During the 18 years which had elapsed since the 
diagnosis was confirmed histologically, the patient had received only a 
few courses of treatment, and had been well and able to work during 
most of the period. Those who have treated many patients with H. d. 
often wonder why some of these patients do much better than others. 
For this reason, I went through the case history of this patient in order, 
if possible, to find features in “the symptomatology, histology, treatment, 
etc., which differed from those observed in the great majority of other 
patients who do not fare as well as he did. As this perusal did not reveal 
any striking features, | reviewed the clinical records of all the patients 
with histologically confirmed H. d. who had been treated at the Radium 
Centre during the period from 1933 up to the end of 1954. Among a total 
of 127 patients in whom the disease had started before 1945, I found eleven 
who had survived for 10 years or more. 

As mentioned below, similar investigations have previously been 
carried out. On the other hand, only a limited number of case histories 
with long remission in H. d. has been published. The authors emphasize 
that it would be desirable to collect and publish all possible data on these 
relatively benign or cured cases in order to improve our knowledge of 
the optimal therapy and prognostic criteria in the disease and, pos- 
sibly, further our understanding of its pathogenesis. 

Aided by grants from the Anders Hasselbalch Anti-Leukaemia Foundation and C. 


P. Schepler and Wife’s Bequest, the Irma Foundation. 
Submitted for publication, 28 February 1955. 
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A brief summary of the case histories of the aforementioned 11 pa- 
tients is given below. 


Case Reports 


Case 1. Unmarried woman, aged 24 (918/38). Up to the winter of 1934 when she 
was admitted to another hospital for pain in the lower part of the spine, she had enjoyed 
good health. The pain gradually abated, but when admitted to the Radium Centre in 
May 1938 she had an unproductive cough, dyspnoea, difficulty in swallowing, loss of 
appetite, and progressive fatigue. There was no enlargement of the peripheral lymph 
nodes, but chest roentgenograms revealed a fairly large mediastinal tumour. During the 
first 10 to 12 days in hospital the temperature was slightly elevated, max. 38.2° C, and 
then returned to normal. E. 8. R. 64 mm/hour, R. B. C. 4,070,000, W. B.C. 10,000, A 
‘test dose’ of 400 r through an anterior field and 400 r through a posterior field was given 
to the right side of the chest (200 r daily for 4 days). This treatment resulted in moderate 
regression of the tumour, which was taken as evidence in support of a diagnosis of H. d. 
Treatment was therefore continued, 1,400 r being given to each of two posterior fields 
and 800 r to each of two anterior fields; total dose 5,200 r (100 r daily from 6 June to 
16 July). 

(In the absence of any statement to the contrary, the roentgen dose was measured 
in air, the factors being 160 kV, 4 mA, filter 1 mm Cu Imm Al, 8. F. D. 40 em, H. V. L. 
1.1 mm Cu. In most cases, only the dose given in the initial treatment is stated, as it 
was the importance of this dose which was of particular interest in the analysis of the 
subsequent course.) 

During the treatment the E. 8S. R. fell to 14 mm/hour and the general condition 
improved considerably. At a follow-up examination in September 1938, the mediastinal 
tumour seemed to have disappeared completely. In January 1959, enlarged lymph nodes 
were noticed in the right lateral cervical region. A biopsy specimen revealed typical H. d., 
for which reason 600 r was given through each of two fields to that region (100 r daily). 
The patient returns for regular follow-up examinations and there is no evidence of recur- 
rence. At the last control in June 1954, a complete blood examination and chest roent- 
genograms showed normal conditions. 

The patient has thus been ill for at least 17 years and has remained free from symp- 
toms without treatment for more than 15 years. 


Case 2. Unmarried woman, aged 28 (891/34), was referred in April 1934 with lymph 
node enlargement on both sides of the neck, which had persisted for several months, 
complaining of dyspnoea and fatigue. On admission, she was acutely ill, with marked 
dyspnoea and slight cyanosis; temperature 38.9° C. Physical examination revealed large 
lymph node conglomerates on both sides of the neck, almost walnut-sized nodes in both 


axillae, and a very large mediastinal tumour. A biopsy specimen from a lymph node of 


the right axilla showed typical H. d. Blood examination on admission: E. 8. R. 120 mm 
hour, Hb. 62 °,, R. B. C. 3,200,000, W. B. C. 23,000. Roentgen treatment was instituted; 
a total of 4.200 r was given to the mediastinal tumour through two anterior and two 
posterior fields, followed by 1.200 r to each of two fields on the neck and 1,000 r to each 
axilla (200 r to one field every day). 

The patient improved considerably during the treatment and was discharged in 
July 1935 (E. 8. R. 16 mm/hour, Hb. 84 °,). She remained well up to 1938, when pain 
developed in the right shoulder; this was relieved by roentgen irradiation. In 1939, os- 
seous defects in the right clavicle were demonstrated roentgenographically, and during 
the next few years progressive generalization with osseous defects in the neck of the 


right scapula and the cervical spine occurred. The patient was given several courses of 
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roentgen treatment, both locally and as total body irradiation. During 1942 the medias- 
tinal tumour increased in size, but in spite of pain in the right shoulder the patient was 
able to attend to her work up to 1943, when progressive cachexia and paralysis of the 
extremities developed. Death occurred in October 1943. Autopsy revealed generalized 
H. d. 

In this case, the disease was already fairly widespread at the time when the pa- 
tient was first seen. The pathologic processes responded satisfactorily to radiation thera- 
py, but the remissions were short, and the 9'/, years during which the patient was under 
observation constituted one long perigd of continuous suffering. 


Case 3. Married woman. aged 23 (3094/43), was admitted in November 1943 suf. 
fering from pruritus of the cubital fossae of 2'/, years’ duration, fatigue, and epigastric 
pain. She was pale and asthenic; temperature slightly elevated. No lymph node swellings 
were noted, but chest roentgenograms revealed a huge mediastinal tumour. Blood ex- 

72 %, R. B. C. 3,930,000, W. B. C. 
6.700. Roentgen treatment to the mediastinal tumour was instituted, 1,350 r being ad- 


amination on admission: KE. S. R. 45 mm/hour, Hb. 


ministered to each of two anterior and two posterior fields (150 r to one field daily). 
Prompt regression of the tumour was obtained but a pleural effusion appeared on the 
right side. In March 1945, enlarged lymph nodes were present in the right supraclavicular 
region. \ biepsy specimen showed classic H. d. The mediastinal tumour had not recurred, 
Roentgen treatment to the enlarged nodes was given, 1,300 r through each of two fields 
on the right side and 1.000 r through one field on the left side (the daily doses were 100. 
later 200 r). In 1946, the patient went through a normal pregnancy with ordinary de 
livery at term. She remained well until March 1948 when a tender node in the right axilla 
developed, and the mediastinal tumour recurred. Treatment with nitrogen mustard gave 
good effect and was repeated in January 1949 when enlarged cervical nodes appeared. 
The patient was well at controls in September 1949 and February 1950. In August 1950, 
she complained of generalized itching. The mediastinal tumour had again increased in 
size and was treeted with roentgen irradiation with good effect. In 1951, progressive 
fatigue with intermittent fever developed. During 1952 the patient's course was pro- 
gressively downhill. She died at home in February 1953. 


Case 4. Man, aged 37 (1133 46). Swelling of the cervical lymph nodes was first 
noted in 1942, but the patient did not seek medical aid until 1945, when he was treated 
with carbon-are light without effect. In March 1946, a biopsy specimen from a cervical 
node revealed typical H. d., and the patient was admitted to the Radium Centre. He 
complained of fatigue and had a tumour in the left lateral cervical region, the size of a 
clenched fist. Temperature: fluctuating, max. 39° C., E. 8. R. 38 mm/hour, Hb. 100 °,, 
R. B. C. 5,210,000, W. B. C. 2,600. Following roentgen irradiation to the cervical nodes, 
1.200 r to each of two fields (200 r to one field daily), these showed satisfactory regres- 
sion, and the patient remained well for the next few vears. In 1951, diabetes mellitus was 
diagnosed. In 1954 he was stated to be unable to tolerate cold and exertion. but was 
otherwise well. Furthe ly iph node enlargement was not noted, but the haemoglobin 
level was only 65 ° 


o* 


Case 5. A girl (1324/32), aged 16, was admitted in October 1932. She had felt very 
tired for about six months and had suffered from progressively severe cough with ex- 
pectoration; a mediastinal tumour had been revealed in another hospital. No enlarged 
lymph nodes were present. The temperature was normal, and there was no itching. The 
white blood count showed marked neutrophilic leukocytosis, 47,000 cells per emm with 


92°, polymorphonuclears; Hb. 93 °,. R. B. C. 5,800,000, The patient was treated with 
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roentgen irradiation, measured in Sb units. The tumour disappeared, but treatment had 
to be repeated in 1933. She was then well until February 1934, when she received roentgen 
treatment (S00 r) to slightly enlarged nodes in the right supraclavicular region. Well until 
1940, when the cervical lymph nodes on the left side showed marked enlargement, 4 
biopsy specimen revealed typical H. d., and the patient was treated with roentgen irra- 
diation in another hospital with good effect. In 1942, she had a spontaneous abortion at 
three months. In 1944, she went through a normal pregnancy and was delivered of a 
healthy child. In 1946, a large uleerating tumour developed in the occipital region. His- 
tologie eXamination showed H. d. Her disease became generalized and she died In another 
hospital in June 1947. 


Case 6. Married woman, aged 46 (1912/34). Well up to April 1934, when she noted 
glandular swelling on the right side of the neck and felt tired. A biopsy specimen showed 
typical H. d., for which she was referred in November 1934. She stated that during the 
last few years she had noted transitory swelling of the cervical lymph nodes when she 
had a cold, but that recently the swelling had persisted. She had felt tired for some time, 
but had not had fever. Apart from enlargement of the cervical nodes on both sides and 
a large mediastinal tumour, physical examination was non-contributory. Blood examina- 
tion on admission: E. 8S. R. 50 mm/hour, Hb. 90%, R. B. C. 4,500,000, W. B. C. 8,100, 
toentgen irradiation was given, 1,000 r to one field on either side of the neck and 1,000 
(200 r daily) through each of two anterior and two posterior fields to the mediastinal 
tumour, which showed satisfactory regression. In January 1935 the E. 8. R. had fallen 
to 17 mm hour. As the cervical lymph nodes again began to increase in size, a further 
dose of 1,000 r (200 r daily) to either side of the neck was administered in March 1935. 
The patient then remained well up to January 1941, when an enlarged node, the size of 
a hen’s egg, appeared in the right axilla. It was treated by roentgen irradiation and dis- 
appeared. Chest roentgenograms: normal. She returned for regular controls, but no signs 
of recurrence appeared. The patient was last heard of in 1952. 

This patient has thus had histologically confirmed H. d. for about 20 years. The 
disease must be supposed to have been already generalized when the patient was first 
seen in 1934, as enlargement of the cervical nodes on both sides and a mediastinal tu- 
mour were present at that time. Clinically, she was free from recurrence for 13 years. 


Case 7. A woman (663/30), aged 20, was referred to another hospital for enlarged 
cervical nodes on both sides in 1930, Biopsy showed H. d. As the specimen could not be 
found, the pathologist's report is quoted as the picture was not absolutely typical of fully 
developed H. d. “The node contained incipient formation of granulation tissue with 
hypertrophy of the reticulo-endothelial cells; some of them were large, rich in cytoplasm, 
and with an irregular nucleus, or two or three nuclei. Large numbers of eosinophilic 
leukocytes and a few polynuclear neutrophils throughout. Typical large Sternberg-Reed 
cells were, however, absent. No necroses.”” The histologic examination was carried out 
by an experienced pathologist, who interpreted the picture as H. d., and the patient was 
referred to us. At first, the disease was accompanied by a slight elevation of temperature 
and fatigue. There were several eniarged nodes, each the size of a hen’s egg, in the neck, 
to which roentgen irradiation was given in moderate doses (measured in Sb). In 1931 
a few small nodes were noticed in the supraclavicular and inguinal regions, and there 
was also an enlarged node in the right axilla. Roentgen therapy was repeated, and since 
then the patient has remained well. In the course of the years the patient has reported 


many times for follow-up examination, the last being in September 1953; no signs of 


recurrence have been noted. 
In 1941, the patient went through a normal pregnancy with ordinary delivery at 
term, and she had another normal pregnancy and parturition in 1945. 
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Case &. A woman (718/44) aged 44, was referred in March 1944, with a history 
of itching of the skin, particularly of the extremities, of two years’ duration. During the 
previous six months progressive fatigue and dyspnoea, accompanied by loss of weight, 
had developed. A cervical lymph node on the left side had gradually increased in size 
during the previous two months. A biopsy specimen secured from this node in another 
hospital had showed typical H. d.. for which reason the patient was referred to us in 
March 1944. The patient was not acutely ill; normal temperature. In addition to the 
enlarged eery ical node, chest roentgenograms revealed widening to the right of the upper 
part of the mediastinal shadow. Blood examination: E. 8. R. 10 mm/hour, Hb. 94 %, 
R. B. C. 4,480,000, W. 4,800. 

The patient was given 1400 r to one field over the cervical lymph nodes (200 r 
daily). Due to an error, the mediastinum did not receive any irradiation. Since that time, 
the patient has repeatedly been admitted or treated in our outpatient department for 
new foci. In 1945, treatment to lymph nodes in the abdominal, left inguinal and right 
ixillary regions was given. In 1947, unexplained epileptiform convulsions developed. 
Roentgen irradiation was given to an area of destruction in the 12th thoracic vertebra 
as well as to paravertebral lymph nodes; in 1948, nodes in the left axilla, in 1950 the 
enlarging mediastinal tumour and, in 1951 and 1952, the lumbar spine, were also treated. 
Osseous defects in several ribs and marked changes in the chest roentgenogram were 
disclosed in 1953; roentgen therapy produced good effect. 

During almost the entire course of the disease the patient has been able to attend 
to her often very exacting work in the Salvation Army. She was last seen in February 
1955. when she was relatively well. Menostasia has persisted since the onset of the disease, 


Case 9. An unmarried woman (1754/35), aged 21, was admitted in July 1935 
with lymph node enlargement on both sides of the neck. The patient had for some time 
heen troubled by intermittent sweats and cough, and the temperature was often elevated. 
Walnut-sized nodes were noted on both sides of the neck, and roentgen examination of 
the lungs revealed a fairly large mediastinal tumour. Blood examination: E. 8S. R. 40 
mm hour, Hb. 83 °,. R. B.C. 4,500,000, W. B. C. 12,000. Biopsy specimens of cervical 
nodes showed typical H. d. Roentgen irradiation with 1,800 r to a field on either side 
of the neck. 1.800 r through an anterior and 1,800 r through a posterior field to the 
mediastinal tumour (in daily doses of 200 r) was administered. During the following 
vear the lymph node enlargement and mediastinal tumour disappeared completely. In 
1937 and 1938, the patient went through normal pregnancies. She has been followed at 
regular intervals and has now remained well for about 19 vears from the onset of the 


disease. 


Case 10. A married woman (878/43), aged 26, was admitted to a sanatorium 
with fatigue, fever, and cough. The symptoms subsided, but recurred several times 
during the next two years. As, in addition, enlarged lymph nodes were noted in the left 
supraclavicular fossa, a biopsy was performed. This revealed typical H. d., and the pa 
tient. now aged 28, was referred to us in 1943. On admission, a walnut-sized node was 
present in the left supraclavicular region. The patient had not been troubled by itching. 
Blood examination: E. 8. R. 67 mm hour. Hb. 56 ®,. R. B. C. 3,380,000, W. B. C. 5,600. 
Roentgen examination of the lungs revealed a mediastinal tumour. The patient was 
treated with roentgen irradiation: 1,600 r through an anterior field to the mediastinal 
tumour and 1,550 r field on the left side of the neck. The treatment was given in daily 
doses of 100 r and later 150 r and 200 r to a single field. 

During the next few years roentgen irradiation was repeated several times: in 1945, 
to the left axilla and, later, to nodes around the cardia; in 1946 and 1947, to cervical 
nodes. A relatively symptom-free period then supervened. October 1947: E. 8. R. 21 mm 
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hour, Hb. 100 ©, normal chest roentgenogram. In 1949, the patient went through a 
normal pregnancy. In August 1949, six weeks prematurely she gave birth to a girl, weigh- 
ing 2,100 g, with cleft lip and palate. No exacerbation of H. d. post partum. At a control 
examination in November 1949. she stated she felt well, but hazelnut-sized nodes were 
present in both axillae. In 1950, enlargement of abdominal lymph nodes developed, and 
from that time the patient's condition became progressively worse. During the next two 
years or so she was treated with nitrogen mustard and triethylene-melamine. She was 
last seen in November 1952, when generalized H. d. and an aplastic blood picture had 
developed. The patient was treated with transfusions, but died in January 1953, 


Case ld. A man (758/37), aged 48, had noticed progressive glandular swelliag on 
the left side of the neck in 1936. On admission in March 1937, a biopsy specimen showed 
typical H. d. No other peripheral lymph node enlargement was noted. The left tonsil 
was strikingly large, but a biopsy specimen was not taken at this time. Blood examina- 
tion: EK. S. R. 14 mm hour, Hb. 102 R. 4,880,000, W. 10,800. Roentgen 
irradiation, 1,000 r to each of two fields (200 r to one field daily), was given to the en- 
larged cervical nodes, and these disappeared almost completely. In 1938, enlarged nodes 
reappeared on the left side of the neck, and the patient was readmitted for further treat- 
ment. A biopsy specimen from the left tonsil showed H. d. Roentgen irradiation produced 
good effect and was repeated in 1939. The patient was then free from recurrence until 
the autumn of 1951, when enlarged cervical nodes, this time on the right side, and a 
mediastinal tumour were found. He now complained of cough, sweats, and itching. Irra- 
diation to the cervieal nodes and mediastinal tumour in 1952 showed good effect, both 
on the general condition and the enlarged nodes. He then remained well and fully capae- 
itated until the spring of 1954, when he complained of moderate fatigue, weight loss, 
and back pain radiating down the leg. The E. 8. R. was increased. Roentgen examination 
of the spine and pelvis did not reveal any destructive processes but in December 1954 
a large lymph node conglomerate in the left inguinal region, a mediastinal tumour, and 
infiltrative processes in the lungs had developed. At the time of writing the patient is 
in hospital for examination and further treatment (2). 


Parts of the reports of Cases 3, 5, 7, 9, and 10 have previously been 
published (1). 


Discussion 


Anyone who for a number of years has treated many patients with 
H. d. will have experienced the difficulty in evaluating the various 
methods of treatment. The polysymptomatic clinical picture and the 
unpredictable course of the illness vary from case to case In a manner 
which renders it extremely hard to collect series which are useful in 
comparative studies. In the past when the discussion was mainly focused 
on the value of large versus small roentgen doses, prophylactic irradia- 
tion, and the possibilities of radical operation, the matter was not an 
easy one, but the advent of a large number of new chemotherapeutic 
agents during recent years has nee led further problems. The vast litera- 
ture with large series of cases and detailed statistical analyses bears wit- 


ness to the truth of this statement. The survival time after the onset of 


symptoms or after the institution of therapy, sometimes in conjunction 
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with a comparison of the duration of the individual remissions, is usually 
employed in the evaluation of the effectiveness of the individual methods 
of treatment in H. d. The aim is not only to obtain a survival time as 
long as possible, but as expressed by GILBERT: “Le but est d’obtenir des 
rémissions aussi franches et aussi longues que possible, donnant au ma- 
lade, avec Villusion d’une santé recouvrée, une entiére capacité de 
travail.” 

In statistical analyses, it is often merely the survival time after the 
onset of symptoms or after the initiation of treatment that is stated, 
whereas reports on long remissions are few and far between. 

Among the 32 patients with confirmed H. d. in VAN DER WERFF’s 
series (1950), there were two who had enjoyed relatively good health for 
more than 5 years (about 6 and 5'/, years, respectively). The author 
expressed the view that his own experience as well as the sparse reports 
in the literature suggest that all long remissions are obtained either by 
complete extirpation of the nodes in very early cases or by application 
of intensive penetrating irradiation. 

Some of the longest survival times and longest remissions on record 
have been obtained by GILBERT who, in a large series of publications, 
has discussed the principles and lines followed in his method of radiation 
therapy in H. d. | shall not enter into the details of his methods, but 
merely mention that GILBERT aims at destroying all granulomatous foci 
without inflicting damage to unaffected tissues or impairing the general 
condition. The doses must not be too small, as this results in rapid local 
recurrence, and not too large, because this only adds to the difficulties 
encountered when subsequent irradiation becomes necessary. Radiation 
therapy is to help the defence mechanism of the body against the patho- 
logic process. Accordingly, GILBERT issues a warning against ‘die Herd- 
vernichtungsdosis’ used by RarKkoczy. The treatment cannot be stand- 
ardized, but must be varied from case to case. In one of his latest studies 
(1953), GitBerT briefly discusses the value of radical operation in early 
cases in which the process is strictly localized. It seems as if it may oc- 
casionally be possible in such cases to obtain complete cure by radical 
operation, presumably in combination with radiation therapy. 

As only a few of our patients have been subjected to operation, our 
experience in this field is rather limited; radical operation has not been 
attempted in any of the 11 patients considered in this report. 

As appears from the case reports, the patients were at once treated 
with penetrating irradiation in moderate dosage. The fields were ‘ample’, 
but prophylactic irradiation proper, as used by GILBERT, was not em- 
ployed. None of the patients was treated with chemotherapeutic agents, 
cortisone, or ACTH in the early phase of the disease, partly because these 
therapeutic means are relatively new and were not in common use before 
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1945, and partly because we do not consider chemotherapy to be in- 
dicated in fairly localized forms of H. d. Lf, as supposed by Gitperr, 
destruction of the lymphogranulomatous foci by roentgen irradiation 
adds to the defensive power of the body, it will even be contra-indicated 
to employ chemotherapy, which in most cases detracts from the defensive 
reactions of the organism, e. g. antibody formation. 

Accordingly, the Il cases reported in this paper only show that it is 
occasionally possible to obtain long remissions in H. d. by careful radia- 
tion therapy in which doses and intervals between treatments are adapted 
to the individual requirements of the patients. 

The highly different courses which H. d. may run, ranging from 
acute cases surviving only a few weeks to others in which at least ap- 
parent cure Is effected, have obviously led to many attempts at. classi- 
fying the disease into different types, each with their own characteristics, 
as well as at finding prognostic criteria applicable at the time when the 
patient is first seen, 

One of the best known and most valuable attempts at identifying 
different types of evolution in H. d. is the one advanced hy JACKSON 
and PARKER, who on the basis of the pathologic picture of the lesion, 
distinguished between paragranuloma, granuloma, and Hodgkin's §sar- 
coma. The justification for such a classification has now gained almost 
universal acceptance, and has made it possible to some extent to assess 
the immediate character of the condition: such assessment seems how- 
ever, less valuable as a long-term prognostic criterion. The relatively 
benign paragranuloma may at any time pass into the more malignant 
classic granuloma, which may in turn be transformed into a Hodgkin's 
sarcoma. However, as JACKSON and PARKER themselves also pointed 
out, it must be considered that two of these, or all three, histologic pic- 
tures may occur simultaneously in the same patient (GILBERT and Rutis- 
HAUSER), sometimes, perhaps, even in the same node. All the same, the 
knowledge of the pathohistologic structure and its relation to the clinical 
course are obviously very valuable, although the histology must be cor- 
related with the factors discussed below. In 10 of the IL patients con- 
sidered here, the histologic diagnosis was that of classic Hodgkin's 
granuloma, whereas the diagnosis was made with some reservation in 
one (Case 7). In this connexion it may be of interest to point out that 

1 her series of 113 patients, Perers (1950) found that the pathologic 
mr ocl was that of classic H. d. in two-thirds of the nine patients who 
lived for more than 15 years after the onset of symptoms. 

PETERS analysis seems to suggest that the extent of involvement 
on the institution of treatment is the most important factor influencing 
the progress and ultimate survival of a patient with H. d., and that the 
second most important factor in the prognosis is the presence of con- 
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stitutional symptoms on admission. Her classification comprises three 
stages, viz. Stage I, involvement of a single lymph node region or a single 
lesion elsewhere with no constitutional symptoms; Stage I/, involvement 
of two or more proximal lymph node regions of either the upper or lower 
trunk with or without constitutional symptoms; Stage 1/7, involvement 
of multiple lymph node regions with or without constitutional symptoms 
or acute H. d. with no obvious lymphatic involvement. 

Perers’ results of treatment are most spectacular, viz. Stage I, 94 % 
five-year survivals (35 patients) and even 84 °%, ten-year survivals (19 
patients); Stage II, 72 °%, five-year survivals (32 patients) and 25 % 
ten-year survivals (19 patients); Stage 11/1, 9 °, five-year survivals (46 
patients) and no ten-year survivals (16 patients). In 1950, her pa- 
tients were treated with roentgen rays according to the principle: inten- 
sive irradiation of involved lymph nodes combined with precautionary 
treatment to the proximal nodes; the treatment was not discussed in detail. 

[ attempted to classify my own 11 patients with long survival times 
according to PETERS’ stages, which was, however, rather difficult both 
as far as the extent of the involvement and constitutional symptoms on 
admission were concerned. It is scarcely possible, with certainty, to de- 
cide if only a single lymph node region is involved. Chest roentgenograms 
of all our patients were taken as a routine measure on admission, whereas 
special examinations, such as pyelography with a view to the demonstra- 
tion of enlarged abdominal nodes, were employed only in the presence 
of special signs. The evaluation of certain constitutional symptoms, such 
as fatigue, must also be rather subjective. With these reservations, | 
found that the first 10 cases should be classified as Stage Il and Case 11, 
possibly as Stage I. 

Apart from Case 11, scarcely any of these patients belonged to Stage I. 
On the other hand, some of the patients might have been in Stage III 
at the time of admission. The fact that the patients who had the longest 
survival times had fairly extensive and symptom-producing H. d. already 
on admission may, of course, be due to mere chance, but it is striking 
and once more demonstrates the unpredictable character of the disease. 
One of the reasons why so many of our patients were in Stage II on ad- 
mission is possibly that the patients who are referred to us come from 
all parts of Jutland, and the diagnosis has often been made in another 
hospital. 

It should be noted, however, that in an analysis of his large series, 
GILBERT found that 40 per cent of the cases with slow progressive de- 
velopment were in Stage II and 7 per cent in Stage III (1953). GILBERT 
also divided his cases into three evolutionary types, viz. (1) rapid forms 
(time of evolution up to 2 years), (2) average chronic forms of a duration 
of 2 to 6 years, and (3) slow chronic forms of a duration of more than 6 
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years, including cases which had become chronic by irradiation. A fina] 
determination of the type can only be made a posteriori, but the clinical 
signs make it possible to arrive at a reasonably accurate prognosis during 
the first few months of the disease. According to GILBERT, importance 
should, above all, be attached to the evolutionary aspects and, next, to 
the extent of the lesion. It is my immediate impression that this point 
of view is correct. H. d. may run either a rapid or slow course, and when 
a patient is first seen, it is usually impossible to predict which trend his 
particular case will pursue. Only when the development following the 
first treatment has been observed for some time, and this development 
is correlated with all clinical, laboratory, and pathohistologic findings, is 
it possible to foretell the further course. This is a personal opinion, which 
is obviously more or less subjective, and one must always be prepared 
for surprises. 

Age and sex are two factors to which a certain significance is often 
attached. There is some diversity of opinion as to the importance of age. 
While ZreGLer believed that the outlook was poorer in children than in 
older patients, UppstTROMER maintained the opposite view. RatKoczy 
expressed the view that the prognosis is most unfavourable in the youngest 
and oldest age groups. In the experience of JACKSON and PARKER, age 
exerts little influence on the outlook, while GILBERT maintains that pa- 
tients in the third and fourth decades of life respond most favourably to 
treatment. The 11 cases reported here give no indication of the importance 
of age, but a closer analysis of the entire case material will be published 
later. 

As far as the sex incidence is concerned, it can scarcely be doubted 
that H. d., like most other hyperplasias of lymphoid tissue (LUM), is 
more common in males than in females, even though a distinct male 
predominance cannot be demonstrated in all published reviews. In 
WALLHAUSER’S 1,447 cases collected from the literature, nearly 70 per 
cent of the patients were males. In a series of 500 collected cases, Ep- 
STEIN also found that H. d. occurred three times as often in men as in 
women. Among UppsTROMER’s 568 patients, 61 per cent were males, 
and many other statistical analyses confirm this distribution. 

It is also sometimes stated that the prognosis is more favourable in 
females than in males, at least during the period between puberty and 
menopause. In his series of 180 males and 204 females, Epstrern studied 
the percentages of deaths occurring among men and women in each age 
group in less than three years. He found that the percentage of deaths 
among females showed a marked fall during the period from puberty 
to 50 years of age and then began to increase, while the percentage of 
deaths among men showed a steep rise between the ages of 30 and 50 
years, and then became erratic. It is difficult to see how EpsTEn collected 
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his case material, but his analysis is mentioned here, because I found it 
noteworthy that out of the 11 of my own patients who had the longest 
survival times or very long remissions, nine were women, all in the re- 
productive period of life. Of these, five gave birth to a total of seven 
children during their disease. In this connexion it is tempting to call at- 
tention to Case 10, a woman who fell ill at the age of 26, and who was 
treated several times for generalized H. d. up to the age of 32 years; 
she then became relatively symptom-free and did not need any treat- 
ment for the next three years, during which period she had two pregnan- 
cies. | am aware that the reason why she could go through these preg- 
nancies may very well have been that she was in a symptom-free period. 

As early as 1923, GEMMELL suggested that the difference in the sex 
incidence might be due to hormonal differences. He based his view on 
the observations that many women suffered from oligomenorrhoea or 
amenorrhoea prior to the onset of the symptoms of H. d., and that many 
female patients dated back their initial symptoms to a pregnancy. In 
about one half of the cases the disease became manifest during a period 
with physiologic amenorrhoea. If, however, sexual hormones should be 
responsible for the difference in susceptibility to H. d., it would be ex- 
pected that this difference might be less conspicuous in children and the 
older age groups; this, however, does not seem to be the case. Even 
though sex hormones may play a role, they are scarcely the only factors 
which condition the difference in the susceptibility to and progression of 
H. d. in males and females. 


SUMMARY 


The case histories of 11 patients, out of a total material of 127 cases treated by 
roentgen irradiation for Hodgkin's disease, with strikingly long survival times and in 
some cases long remissions, are reported. The possibilities of predicting the course of the 
disease at the time when patients are first seen are considered. It is concluded that this 
is not possible, and that the evolutionary type of the disease can only be roughly estima- 
ted when the results of the initial treatment have been seen. 

The cause of the difference in the susceptibility to, and the progression of, the disease 
in males and females is discussed. 


ZUSAMMENFASSUNG 


Die Krankengeschichten von 11 Patienten aus einem Gesammtmaterial von 127 
réntgenbestrahlen Kranken mit maligner Lymphogranulomatose mit ausserordentlich 
langen Uberlebungszeiten und in einigen Fillen langdauernden Remissionen werden 
berichtet. Die Méglichkeiten, den Krankheitsverlauf beim ersten Arztbesuch voraus- 
zusagen, werden erwogen. Es wird konkludiert, dass dieses nicht méglich ist und dass 
der evolutionire Typus der Erkrankung nur grob geschiitzt werden kann, wenn die 
Ergebnisse der initialen Behandlung vorliegen. 

Die Ursache der verschiedenen Empfindlichkeit fiir diese Krankheit sowie des 
verschiedenen Verlaufes derselben bei Mannern und Frauen wird besprochen. 


22+ —553088. Acta Radiologica, Vol. 44. 
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RESUME 


L’auteur présente les observations de 11 malades qui, parmi un total de 127 cas de 
maladie de Hodgkin traités par roentgenthérapie, ont eu des durées de survie remar- 
quablement longues et, dans certains cas, de longues rémissions. I] examine les possi- 
bilités de prévoir le cours de la maladie au moment ot les malades sont vus pour la pre- 
miére fois. Il conclut que ceci n'est pas possible et que c’est seulement quand on connait 
le résultat du premier traitement qu'on peut grossitrement juger le type évolutif de la 
maladie. 

Il diseute la cause de la différence de susceptibilité i la maladie et de sa progression 
chez les hommes et chez les femmes. 
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ON THE ANALYSIS OF Co Fe” MIXTURES 
BY A COINCIDENCE TECHNIQUE 
by 
Erik Odeblad, Leo Meurman and Donato Ziliotto 


Iron and cobalt are elements of considerable biologic and medical 
interest and their metabolism may be conveniently studied with the aid 
of the radioisotopes Co* and Fe. If these isotopes are used together 
in ‘double’ tracer experiments, their individual determination is difficult 
due to the very similar energies of their beta and gamma radiations. 
The different chemical properties of the two elements or the different 
half-lives of the two radioisotopes enable their separate determination 
in vitro. Their separate determination in vivo in a double tracer experi- 
ment, is, however, not possible with such methods. 

We want to point out the possibility of utilizing coincidence tech- 
niques for the analysis of Co**—Fe®* mixtures. The common physical 
method with two gamma ray detectors and an electronic coincidence 
circuit can be used. The single crystal summation technique, recently 
reported by Lu and WiEpDENBECK (1954) and by Lu, KELLY and WIEDEN- 
BECK (1954, 1955), is, however, of special interest, because determinations 
should be possible with the conventional scintillation counter equipment 
in the medical radioisotope laboratory. 


Theoretical 


In spite of the very similar energies of their radiations, the decay schemes of Co®® 


and Fe®* are entirely different, as shown in Diagrams 1 and 2. In Co® the two main 
gamma rays appear in cascade, while in Fe®* they do not. In addition to the occasional 
or ‘statistical’ coincidences, cascade coincidences are therefore also expected to occur 
in Co® counting. 


Submitted for publication, 20 May 1955. 
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Diagram 1. Diagram 2. 


Diagram 1. Decay scheme of Co*. In this as well as in Diagram 2 energy levels are in- 

dicated by horizontal lines. The energy scale (in MeV) is given on the left. 

The half-lives are denoted T. The spin angular momentum quantum num 

hers (0, 3/2, ete.) and parity assignments (+- or ) are also given. Beta 

transitions are indicated by oblique arrows. The energy (in MeV) per cent 

branching and log ft (comparative lifetime) for different branches also ap- 

pear. Gamma transitions are indicated by vertical arrows. The energy (in 

MeV) and the multiple orders (M1 or E2) of the gamma transitions are 

also given in addition to the percentage of branching and total conversion 

coefficient a. The data for Co® are mainly collected from papers by Bay, 

Henrt and McLemon (1955), Fan (1952), KLetster and Scumipt (1954) 
and LigesHout, Nusspaum, and Wapstra (1954). 

Diagram 2. Decay scheme of Fe®*. For explanation see text under Diagram 1. The data 
are mainly collected from a paper by Merzcer (1952). 


We place a sample containing Co™ or Fe in front of a scintillating crystal so that 
the efficiency of counting the gamma rays is P. The efficiency P includes the geometric 
factors, gamma ray absorption coefficients, discriminating funetion, ete., and is ex- 
pressed as a fraction of unity. We assume roughly that both the 1.1 and 1.3 MeV gamma 
rays have the same efficiency P, both for Co® and Fe. The efficiency for counting 
gamma ray cascades from Co* is then P?a. Here a is the anisotropy factor, which, from 
the data of FRAUENFELDER, HEER and Ri'etscui (1952), Brapy and Deutscu 
(1950), and Wrepiine (1953), ean be calculated to vary between 0.93 and 1.00 for Co® 
in our experiments. If the Co® sample has z nuclear disintegrations per sec, the cascade 
coincidence rate 1s consequently rP?a per sec. 

If the effective resolving time of the equipment is ¢ see and the counting rate is » 
per sec, then the number of occasional coincidences per sec is in the first approximation 
tn?. Here n = 2(1 + a)P for Co® and yP for Fe, assuming the sample has y nuclear 
disintegrations of Fe®* per sec. 


The total coincidence rate, \,,,%, for a sample is accordingly 


N.. + (1 + aP Pt + Pt (1) 
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Diagram 3. Diagram 4. 


Diagram 3. Logarithms for counting rates of a 2.7 wC Co® sample and a 4.5 wC Fe® 
sample as functions of photomultiplier voltage. The equipment IV de- 
scribed in text was used. The Co® curve can be resolved in two components 
as indicated by the dotted lines: None is the non-coincidence component 
and Coine is the coincidence component. V,,,;,, indicates the voltage com- 
monly used for counting coincidences and V,,,,,. indicates the voltage used 
for counting non-coincidence pulses. 

Diagram 4. Values of S in units of 10“ as functions of disintegration rate (in micro- 
curies) of some standard samples. Upper curve is S, according to eq. (3) for 
Co® samples and lower curve is S, for Fe samples according to eq. (4). 
The numerical values may be obtained from this diagram: P = 130-10~ 
and ¢ = 0.8-10-* see. Equipment II was used. 


The total non-coincidence counting rate is easily obtained; 


N.,. + a) + yP — Neoine + a) + yP (2) 
Let us now caleulate (N.jj.¢/Nnone) = S. For a pure Co® sample we find: 
S, aP/ t+ (1+ +e (3) 


and for a pure Fe®® sample we obtain: 


S yPt (4) 


We can plot experimentally found values of S, against « and S, against y to obtain 
empirically the constants P and ¢. With these, eqs. (1) and (2) can then be used for 
calculating and y in an unknown sample by measuring aNd 

In order to observe single crystal coincidences, pulses arising from the non-coin- 
cidence photo- and Compton peaks should be effectively discriminated. (See Diagram 3.) 
If this is not done, we obtain an admixture of non-coincidence pulses which interfere 
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with the results. Proceeding from the expressions for coincidence rates given above we 
can easily obtain the quotients Q,,;,- for coincidence rates and Q,,,,,. for non-coincidence 
impulse rates from equal amounts of Co and Fe°**: 


Q-oine = @/2t + (1 + ap (5) 


Qrone = 1+ a (6) 


z being the disintegration rate of the Co® or Fe sample. The voltage or discriminator 
setting should be adjusted so that Q,,,, (when investigating standard samples or equal 
amounts of Co* and Fe®*) should approach Q.,,;,. for counting of coincidence and Q,, 
for counting of non-coincidence pulses. A more practical way of adjusting amplification 
or photomultiplier voltage will be given below. 


and 


Experimental 


Four different experimental arrangements (I to IV) were examined. 

Equipment | consisted of a cylindrical Nal(T1) erystal, 25 « 25 x 25 mm in size, 
viewed by an EMI 6,260 photomultiplier, usually operated around 1,650 volts. The 
pulses from the photomultiplier tube were fed to a variable amplifier and fixed dis- 
criminator before the impulse counter. 

Equipment II was a commercial Frieseke—Hoepfner sealer FH 49 +- scintillation 
detector. 

Equipment II] was a commercial Tracerlab Autoscaler + P-20 scintillation detector. 

Equipment IV was a commercial Tracerlab Autoscaler + well type crystal secin- 
tillation detector. 

Equipment II and III were ‘ordinary’ scintillation detectors. Equipment I was built 
to have an extraordinarily long time constant and Equipment IV had an unusually 
high geometrical efficiency. 


Results 


Using relations (3) and (4) the effective values of P and ¢ were ob- 
tained for the different experimental arrangements. The values are 
collected in Table I and compared with P and ¢ determined in other 
ways. The obtained numerical values of P and ¢ are then introduced 
in eqs. (1) and (2) for the numerical evaluation of unknown samples. 


Table I 


P 104 t 10® (in sec) a 


Calculated 


‘aleulatec Measure Calculate Measure 
Calculated leasured aleulated leasured 


Equipment 


from eqs(l) fromealibr. from eqs(1) by Fommon 
from eq. (5) and actual 
and (2) samples and (2) techniques 
geometry 
DD 52 6 6 0.94 


Diagram 4 shows S, and 8, values for Co* resp. Fe**. 
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Diagram 5. Diagram 6. 


Diagram 5. The counting rate quotient Q for pairs of samples of equal strength (3 uC 
Co® and 3 wC Fe®* etc.) as function of amplifier setting using equipment I. 
The two horizontal lines denoted with Q,,,;,,. indicate the theoretical values 
for 1.2 and 3 wC sample pairs respectively. The regions indicated by NONC 
and COINC on the top of the diagram are those of practically pure non- 
coincidence and coincidence pulses. In the intermediate region there is a 
mixture of both types of pulses. 

Diagram 6. Logarithm of coincidence counting rate for a 3 wC Co® sample as a function 
of sample distance in mm from the crystal surface using equipment I. N is 
the nearest position. M denotes the position of median planes of the 
mice subjected to in vivo countings. 


Diagram 5 shows values of Q.,,, for equal amounts of Co* and Fe* 
at different amplification factors. As predicted by theory Q..., approaches 
Q.. 1.93 at higher amplification, and, at low amplification, Q.,,. 1s 
higher for smaller isotope amounts due to the factor a@/2 in eq. (5). From 
the data of Diagram 5 the amplification factors (or phototube voltages 
or discriminator settings) most useful in practical work can be obtained. 

Diagram 6 shows the coincidence counting rate as a function of 
distance from the crystal for a 3 uC Co* source, indicating the importance 
of keeping this distance as small as possible in order to obtain high 
counting rates. 

In Table IIL some results are shown indicating experimentally found 
values for known sources containing mixtures of Co* and Fe®* in vitro. 
The agreement between the experimental results and known facts is 
fairly good. In Table III similar results are shown for countings in vivo 
on three mice which received mixtures of Co** and Fe intraperitoneally 
immediately before counting. These examples illustrate the applicability 
of the method described in the present work. 
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Table Il 


Sample analyzed Results obtained 
Co® pC pC Co® pC pC 
3.0 1.1 2.8 1.4 
l.2 1.2 
0.3 1.1 0.3 0.9 
0 0.3 O.4 0 
0.1 0.3 O.1 0.2 
2.8 L.4 2.9 
3.0 2.8 2.8 3 


Table Ill 


Amounts given to animal Results obtained 
pe pe Co® pe pe 
1.2 1.0 1.1 
3.0 1.0 2 8 1.0 
2.8 L.4 2.0 


Recommended procedure for analysis 


On the basis of our experiments we can recommend the following 
tentative schedule for analysis of Co**—Fe*®* mixtures by single crystal 
coincidence techniques. 

1. Place a sample of about 1 »C Co* and take the experimental 
curve Co indicated in Diagram 3. Resolve this curve into its two com- 
ponents (coincidence component and non-coincidence component). 


2. Select a voltage V.,,,.. where the coincidences are counted with 
as small admixture of non-coincidence pulses as is desired. Take the 
counting rate N,,,,. at this voltage. 


3. Calculate 


(1 + @) V Neeine* 


This formula is easily obtained from eqs. (1) and (2) by putting ¢ = 0 
and assuming the same efficiency P in both cases. 

4. Select a voltage V ione SO that the sample gives a counting rate 
of N,, 


5. Analyze some standard samples of Co* and Fe® at voltages 


V and V,,,,.. (0.1—10 #C) to obtain the numerical values of P and ¢ 
to be put in eqs. (1) and (2). 
6. Analyze the unknown samples at J,,,,. and V,,,. and put the 


counting rates obtained in eqs. (1) and (2) to obtain the unknown dis- 
integration rates of and 


— 
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Discussion 


The present work clearly indicates that it is possible to observe 
single crystal summation coincidences from Co* and Fe* and — 
analytic procedures of mixtures of these isotopes in vitro and in vivo 
by counting at two different discriminator settings (or voltages or ther 
fication factors). One drawback of the method is that it seems to be 
limited to isotope amounts around a few wC and placed near the crystal. 

It is necessary to use electronic circuits of very high stability. We 
often experience ‘d variations in line voltage, instrument: al drifts (probably 
thermal in nature) and variations in room temperature, which influenced 
the amplification factor of the photomultiplier tube. It was noticed that 
very high counting rates caused slight drop in the voltage over the photo- 
multiplier with some error in the results. Other errors arose from the 
low coincidence counting rate, and the difficulties in resetting identical 
operating conditions of the apparatus, e. g. in changing the voltage on 
the phototube between the two values for coincidence and non-coincidence 
countings. On the whole, the greatest instrumental precision is necessary 
to obtain reliable results. 

We hope to be able to improve our equipment and perform direc- 
tional in vivo analysis of Co** and Fe in animal experiments. Applica- 
tions in human beings are usually not possible at present due to the 
relatively low permissible doses of Co** and Fe®* in the human body. 
The successful use of commercial standard scintillation counters in the 
present work may be of some general interest for radioisotope labora- 


tories. 


Our thanks are expressed to KEBO AB, Stockholm, for placing a Frieseke— Hoepfner 
scaler and scintillation detector at our disposal. 


SUMMARY 


Single crystal coincidences of the cascade gamma rays from Co* enable the analysis 
of Co*®°—Fe®* mixtures in spite of the energetically nearly identical radiations from these 
two radioisotopes. Some theoretical and technical aspects are presented. It is shown 
how the single crystal coincidence technique can be used for analysis in vitro and in vivo. 


ZUSAMMENFASSUNG 


Das Zusammentreffen der von Co* in Kaskaden auftretenden Gammastrahlen in 
einem Szintillationskristall erméglicht die Analyse von Co®*—Fe®*-Gemischen, obwohl 
diese beiden Isotope energetisch nahezu identische Strahlung abgeben. Theoretische und 
technische Gesichtspunkte hieriiber werden vorgelegt. Es wird gezeigt, wie die beschrie- 
benen Technik fiir Analysen in vitro und in vivo benutzt werden kann. 
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RESUME 


Les énergies des radiations émises par les isotopes Co® et Fe®* sont presque identiques, 
Ceci rend difficile analyse des mélanges de ces deux isotopes. Les coincidences des 
rayons gamma émis en cascade par lisotope Co® permettent lanalyse des mélanges 
de Co® et de Fe*. Certains aspects théoriques et techniques de cette méthode sont 
diseutés. Des exemples d’analyses in vitro et in vivo sont donnés. 
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FROM THE DEPARTMENT OF RADIOTHERAPEUTICS OF THE UNIVERSITY AND THE 
RADIOTHERAPEUTIC CENTRE, ADDENBROOKE’S HOSPITAL, CAMBRIDGE, ENGLAND 


CARCINOMA OF THE SKIN 
APPEARING 49 YEARS AFTER A SINGLE 
DIAGNOSTIC ROENTGEN EXPOSURE 
Report of a case 
by 
J. S. Mitchell and J. L. Haybittle 


The authors have observed a case of carcinoma of the skin appearing 
49 years after a single large diagnostic exposure of roentgen radiation. 
As this seems to be the longest latent period yet reported in the literature, 
a more detailed account of the case may be of interest. 

The literature dealing with malignant tumours of the skin induced 
by ionizing radiations is extensive (HUEPER 1942, LACASSAGNE 1945, 
Bruges 1951, HEMPELMANN and HorrMAnn 1953, FurtTH and LORENTz 
1954, and PETERSEN 1954). 


Case Report 


A woman, aged 70, first seen on 7 July 1948, had received a diagnostic roentgen 
examination for renal calculi in 1898. According to the patient, a single exposure lasting 
for about an hour was given to an area over the right upper abdomen. Renal stones were 
revealed and successfully removed by subsequent operation through a posterior incision. 
A ‘burn’ appeared about 2 weeks after the roentgen exposure and the skin over the right 
upper abdomen and costal margin became blistered, but subsequently healed. In the 
summer of 1947, however, ulceration appeared below the right costal margin anteriorly 
and gradually extended. 

The general condition of the patient was poor. A typical squamous cell carcinoma 
was present in the skin of the right anterior abdominal wall and adjacent lower chest 
over the costal margin, not adherent to the ribs. The lesion measured 7.5 (across) x 5 
about 1 em. The edge was raised and most of the surface ulcerated. There was an area 
f surrounding atrophic skin measuring about 13 x 12 em, the atrophy being most 
marked in a region about 2 cm around the edge of the growth where there were tele- 
angiectases and small areas of patchy pigmentation; the margins of the atrophic 
area were not sharply defined. There were no secondary glands in the axillary or in- 
guinal regions (Fig. 1). 

Histology: The biopsy specimen was a fragment of skin in which the corium was 
extensively infiltrated by squamous-celled carcinoma (Fig. 2). The growth did not 
appear to arise from that part of the epidermis included in the section. This was devoid 
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of skin appendages and showed conspicuous 
groups of melanophores close beneath the basal 
layer. The prickle cell layer of the epidermis 
appeared to be rather thicker than usual (A. M, 
BARRETT). 

Cytologic studies have been made with the 
limited material available. The biopsy specimen 
was fixed in Susa and stained with Heiden- 
hain’s haematoxylin and eosin. Two sections 
only were available. 

There were only a few mitoses present in 
the tumour which was growing rather slowly and 
was moderately well differentiated. Counts of the 
mitotic cells in the tumour and of the distribu 
tion of the phases of mitosis were made and were 
repeated after 3 years with substantially the 
same results. 


Of the 28 cells found in mitosis, 8 appeared 
to be normal, and of these 1 was in prophase, 5 


Fig. 1. The lesion 50 years after a 


in metaphase, and 2 in telophase. The process 


single diagnostic roentgen exposure — of mitosis appeared abnormal in 20 cell divi- 


for investigation of renal caleuli. 
\trophic changes in the skin, with 6 were clumped prophases and one a prophase 
some telangiectases and small areas with . 
of patchy pigmentation, most marked 
immediately around the edge of the 


sions. There were 7 abnormal prophases of which 


condensed chromosomes or groups — of 
chromosomes. There were 9 abnormal meta- 
phases of which two showed chromosome frag- 
carcinoma. ments and two had scattered chromosomes: in 
two the chromosomes number appeared to be very 
much smaller than in most cells and three showed gross clumping of the chromosomes. 
There were no normal anaphases but three abnormal anaphases were observed, all with 
chromosome or chromatid bridges and fragments. There was one abnormal telophase 
in which each of the two daughter cells contained lagging chromosomes (Fig. 3). 

Treatment. It was considered that surgery was not possible on account of the poor 
general condition. Accordingly, an attempt was made to treat the lesion by means of 
radiotherapy, proceeding cautiously by the use of a ‘spaced’ method in view of the sur- 
rounding skin atrophy. The following physical conditions were employed: 220 kV, 
Maximar therapy apparatus, 15 mA, added filter 1 mm Al, H. V. L. 0.4 mm Cu, F. 8. D. 
10 em, elliptic field cut out in lead rubber 8 x 7 em, dose rate at surface 174 r per minute, 
minimum tumour dose estimated at | em: 93 °,, depth dose at 2 em: 82 °%: the unit skin 
dose delivered at each treatment was 200 r. The general plan of treatment was 5 conse- 
cutive daily treatments on weekdays, a 10-day interval, 4 consecutive daily treatments 
with a 2-day interval and then one treatment, a further 14 days interval, and finally 
5 further consecutive daily treatments. (The timing of the middle course of treatment 
was modified because of a public holiday.) It was decided on account of the reaction 
that it was not possible to proceed further with safety. Thus, a total skin dose of only 
3,000 r was delivered in an overall time of 39 days. 

Progress. After this treatment, the lesion slowly retrogressed and became very much 
cleaner. In view of the low dose given, the response to the treatment leads to the con- 
clusion that the lesion was at least as radiosensitive as most examples of squamous- 
celled carcinoma of the skin of similar size and histology. The patient felt that she had 
benefited by the treatment although the lesion did not heal. She died on 23. 5. 1949 
with active growth present. There was no autopsy. 
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Fig. 2. Histologic appearances of a fragment of the skin lesion: a moderately well-dif- 
ferentiated squamous-celled carcinoma (Heidenhain’s haematoxylin and eosin; x 50). 


Estimation of the dose. None of the radiographic techniques used in the hospital at 
the time when this patient attended appear to be traceable. There is some relevant 
published information (Macintyre 1896, Beck 1904). Despite a great deal of personal 
enquiry during the last six years, it has not been possible to reconstruct the exact con- 
ditions of the exposure of this patient with great confidence. However, information 
has been obtained about the photographie film used in radiography in 1898 so that it 
is possible to estimate the dose received by the skin by making reasonable assumptions 
about the radiologic technique and carrying out experimental measurements with the 
aid of a phantom. It is considered that the estimates made in this way are the best ap- 
proximation possible after so many years. 

It is thought that the most likely kilovoltage used was about 100 kV,, corresponding 
to a 6.1 inch spark gap with needle points (Kaye & Lapy 1941). It is likely that the focus 
of the tube would be as close to the patient as possible, 7. e. at about 20 em from the skin. 

In our experiments roentgen rays generated at 100 kV,, by a Kelley-Koet ‘150° 
machine unfiltered and with no defining aperture were used for the exposures at an 
F. S. D. of 20 em. Measurements of the surface and exit doses were made by means of 
100r and 25 r Victoreen chambers, respectively, half sunk in the surfaces of a ‘mix Dp 
phantom 20 em decp (Jones & Ratne 1949). 

Preliminary measurements indicated that the ratio of exit dose to surface dose did 
not depend very critically upon the F. 8. D. For example, a change of F. 8. D. from 20 
to 15 em caused a decrease of 20 °% in this ratio. Some exposures were made with Ilford 
‘Ordinary’ N30 type plates. 

We were then advised by Mr. R. J. Hercock of the X-ray Research Laboratory, 
Ilford Ltd., Watford, that single-coated film was probably used in 1898. He also in- 
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Fig. 3a and b. Photomicrographs taken at different foci showing an abnormal anaphase 
with chromosome or chromatid bridges and fragments (Heidenhain’s haematoxylin 
and eosin; sodium light: x 1,200). 


formed us that modern ‘Red Seal’ film is about forty times faster than the fast single- 
coated blue sensitive photographic material available in 1898. We therefore exposed 
Ilford ‘Red Seal’ films, envelope wrapped, in contact with the exit face of the phantom. 
After developing in ID 19 developer under the recommended conditions, the films were 
examined with an E. E. L. Universal Minor Densitometer. 

The Table shows the entrance and exit doses in roentgens corresponding to a given 
film density after subtraction of the small fog level. In the fourth column, the entrance 
doses multiplied by forty are listed to give values of the surface doses with back-scatter 
which we assume approximate to those which would have been used in 1898 to produce 
the given densities. 


Table 
Entrance 
Density Exit dose Entrance dose d 
ens ose 
roentgens roentgens 
roentgens 
1.0 0.06 13 520 
1.5 0.105 2° R80 
2.0 38 1.520 
9.5 0.25 53 2,120 


It is impossible to be certain, but it seems likely, that the film density corresponding 
to the soft tissue parts used in the exposure in 1898 was bout 2.0. Accordingly, the best 
estimate of the skin dose including back-scatter is 1,500 r at the site of the lesion. 
This value appears to be consistent with the history of the skin reaction which, it must 
be emphasised, may be unreliable. It is unlikely that the dose was greater than 2,000 r. 


Discussion 


It seems reasonable to conclude that the squamous-celled carcinoma 
of the skin of the anterior abdominal wall resulted from the large single 
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roentgen exposure in 1898. The carcinoma arose in irradiated skin which 
was not ulcerated before the onset of the malignancy. The clinical appear- 
ances of the skin surrounding the tumour were characteristic of late 
radiation changes. These changes were greatest in the region immediately 
adjacent to the carcinoma, so that the latter appears to have arisen in 
the region which received the highest dose of radiation. 

The histologic appearances of the altered normal skin in the biopsy 
specimen are consistent with late radiation changes. It is of interest that 
cytologic studies of the tumour show chromosome abnormalities in a high 
proportion of the relatively few mitoses. This finding is not inconsistent 
with induction of the tumour by radiation but cannot be regarded as 
necessarily characteristic of this aetiology. To obtain further information 
on this point an investigation is in progress to compare the present tu- 
mour with tumours associated with exposure to tar and to sunlight as 
well as with the so-called spontaneous tumours. There was no history of 
other aetiologic factors and in particular none of subsequent roentgen 
irradiation, thermal burns, exposure to tar, or chronic irritation by 
clothing. It is to be noted that the site of the lesion is unusual for spon- 
taneous squamous carcinoma of the skin. 

The finding that the lesion was not completely radioresistant is of 
interest but, in view of its extent it is not surprising that it was not 
curable by radiation therapy. 

It is difficult to be certain of the dose of radiation received during the 
examination in 1898. The experiments made suggest that the best estimate 
of the surface dose measured with back-scatter is 1,500 r at the site of the 
lesion. This value appears to be consistent with the history and the 
clinical findings. 

In the case reported by RUBE (1954) which may not be strictly com- 
parable because the carcinoma arose on the basis of a chronic radiation 
ulcer 40 years after a single fluoroscopic examination, the estimated 
dose, assuming 100 kV,, roentgen radiation, was about 1,600 r without 
back-scatter, which corresponds to a surface dose with back-scatter of 
about 1,840 r (see Central Axis Depth Dose Data 1953). 
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SUMMARY 


A case of squamous-celled carcinoma of the skin of the upper part of the anterior 
abdominal wall and adjacent area over the costal margin arising 49 years after a 
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single diagnostic roentgen ray exposure in 1898 is reported. Experimental measure- 
ments have been made to attempt to estimate the dose of radiation received. The 
best estimate of the skin dose including back-scatter is 1,500 r at the site of the lesion. 


ZUSAMMENFASSUNG 


Es wird ein Fall berichtet, in dem nach einer einmaligen im Jahre 1898 ausgefiihrtey 
diagnostischen Exponierung mit Réntgenstrahlen 49 Jahre spiiter ein Karzinom der Haut 
im oberen Teil der vorderen Bauchwand und im angrenzenden Gebiet des Rippenrandes 
entstand. Experimentelle Messungen wurden ausgefiihrt um zu versuchen, die damals 
erhaltene Strahlendosis zu bestimmen. Die Berechnung ergibt fiir die Tumorgegend 
eine Hautdosis (einschliesslich Backscatter) von 1,500 r. 


RESUME 


Les auteurs rapportent un cas d’épithélioma spino-cellulaire de la peau de la partie 
supérieure de la paroi abdominale antérieure et de la surface voisine sur le rebord costal, 
survenant 49 ans aprés une seule exposition diagnostique aux rayons roentgen en 1898, 
Ils ont fait des mesures expérimentales pour essayer d’évaluer la dose de radiations recue, 
La meilleure évaluation de la dose 4 la peau, y compris le rayonnement diffusé en retour, 
est de 1,500 r au niveau de la lésion. 
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BOOK REVIEWS 


Tue CAusAL ReLationsHie BeTWEEN Benign EpirHetiAL Tumors AND ADENOCARCI- 
NOMA OF THE Coton AND Rectum. By K. A. Hultborn. 71 pages, 78 illustrations. 
Acta radiol. Suppl. 113. Stockholm 1954. Sw. Kr. 15: 


Factors supporting the view that benign epithelial tumors (polyps) are to be re- 
garded as potentially malignant are discussed in detail, on the basis of personal studies 
and literature data. Although there is a good deal of evidence as to their potentially 
malignant character, some facts difficult to explain nevertheless remain. It is pointed 
out, that polyps are far more common than carcinoma, in both clinical and autopsy 
series. A peculiar circumstance is, furthermore, that polyps in autopsy series do not 
show the same pronounced tendency to concentrate in the rectum as carcinomata do 
(in addition to the data cited from the literature, reference should be made to HELLWIG, 
1943, and Swinton & Ho xt, 1951), but this apparently irreconcilable fact may possibly 
be explained by the so-called hit theory. 

With regard to the practical possibility of reducing the morbidity in carcinoma of 
the colon and rectum, by removal of benign epithelial tumors, a distinction has to be made 
between the regions of the intestine that are within and those that are beyond the range 
of the sigmoidoscope. In the author’s opinion, both symptom-producing and asymptomatic 
benign epithelial tumors, within the range of a sigmoidoscope, should be removed. 

The possibilities of cancer prevention by checks with roentgen examination of ap- 
parently healthy persons, for the purpose of detecting asymptomatic benign epithelial tu- 
mors beyond the reach of the sigmoidoscope, are discussed. The author’s attitude here 
is negative. 

The paper includes 23 brief case reports and 78 photographs. 

Autoreview. 


PracticaAL PROBLEMS IN RapioGRAPHY with special reference to high- 
voltage technique. By Ove Mattsson. 206 pp, 108 figures. Acta radiol. Suppl. 120. 
Stockholm 1955. Sw. Kr. 30: 


The accelerated use of high kilovoltages for radiography has been accompanied 
by a series of problems. Some of these have been selected and are analysed in the book. 

In a general survey of the high-voltage technique, a review is given of its develop- 
ment. The various benefits derived from the use of higher voltages in medical radio- 
graphy are discussed against the background of literary references, together with some 
related physical problems. The lower differentiation of tissue opacities in high-voltage 
radiography, which changes the character of the radiograph, is examined as well as 
the increased importance of secondary radiation. 

A series of investigations made by the author illustrate, by means of graphs, some 
of the most important factors connected with radiography at higher voltages. They 
were made with a constant-potential cireuit up to 180 kV and in conditions similar to 
those occurring in ordinary medical radiography, using phantoms to represent certain 
average objects. The exposures required for a density of 1.0 with a screen-film combina- 
tion and with nonscreen film are compared graphically. 

The radiation output of the tube, the penetration through the object and the sensi- 
tivity of the photographic material to radiation at different voltages are analysed and 
discussed on the basis of measurements. The conditions connected with the patient 
dose are also briefly commented upon. 
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The change in contrast with the voltage which is shown by certain substances jg 
studied on the basis of sertes of photographic tests, Different contrast media have been 
studied by the author, as well as substances representing those found in the human 

A special chapter discusses the recording of contrast as a purely photographie 
problem, with comments on processing, density curves and gamma values. A chapter 
on sereen problems gives a retrospective review of the progress of intensifying screens 
and a report on recent sclentifie research concerning sereens. Practical tests have heen 
made with the newest type, the so called “high-voltage” sereens, as well as with metal 
screens, 

\ historical review is given of the progress made in secondary screening, with 
special attention paid to eross-grids, which have become increasingly important with 
the higher voltages. The problems of grid motion and visible grid pattern are discussed, 
and the principles for correct motion of crossed grid systems are formulated. The geo 
metrical background of the problem is analysed, and it is shown how suitable types 
of motion will give complete freedom from visible pattern. Illustrations are given of 
the practical use of cross-grids moving in accordance with the principles formulated, 
such as films produced by pelvic angiography and abdominal aortography. The im 
portance of the elimination of grid strueture for the definition of detail is shown by 
special phantom tests. Stroboscopic phenomena have been studied experimentally, and 
the principles for thei elimination are established. 

\ series of grid mechanisms available in the market are examined, and the character 
of their motion is recorded graphically. 

Off-foeus radiation and backscatter are discussed as factors influencing the quality 
of the radiographic Image; experiments and tests are reported, The principles for the 
reduction of these influences in practical radiography are presented. Simple improve 
ments of primary diaphragm and backseatter protection are proposed, 

Adequate studies of radiographic rendering are most easily made with phantoms. 
Since no phantoms have been available as substitutes for contrast-filled vessels, th 
author has developed a new phantom containing narrow channels which can be filled 
with angiographic contrast media. Experiments with this vessel phantom are described. 
Thev include a microdensitometric study of the concentration of contrast media in 
pelvic angiography, with the phantom introduced into the vagina as an object of com 
parison, 
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